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This  report  discusse*’  research  performed  by  the  Soldier- 
System  Effectiveness  Team  ^  the  Fort  Bliss  Field  Unit  of  the 
U.S.  Army  Research  Institute  for  the  Behavioral  and  Social  Sci¬ 
ences  (ARI) .  The  mission  of  this  team  is  to  perform  research  and 
development  in  human  performance  issues  relevant  to  Army  Air 
Defense  effectiveness.  Field  tests  have  shown  that  the  engage¬ 
ment  performance  of  Stinger  teams  is  iiqpaired  by  wearing  MOPP4 
(Mission  Oriented  Protective  Posture  4)  chemical  protective 
clothing.  The  objective  of  the  research  reported  here  was  (1)  to 
quantify  the  magnitude  of  this  perfonaance  decrement  using  a 
MOPPO  control  condition  and  (2)  to  determine  the  extent  to  which 
this  performance  decrement  could  be  alleviated  by  adding  accurate 
cuing  information. 

This  research  is  part  of  a  larger  team  project  entitled 
"Forward  Area  Air  Defense  Performance  During  Engagement  Opera¬ 
tions  in  a  Chemical  Environment,"  which  is  funded  by  the  Physio¬ 
logical  and  Psychological  Effects  of  the  Nuclear,  Biological,  and 
Chemical  Environment  and  Sustained  Operations  on  Systems  in 
Combat  (P^NBC^)  program  administered  by  the  U.S.  Army  Chemical 
School  at  Fort  McClellan.  The  proponent  agency  for  this  research 
is  the  Directorate  of  Combat  Developments  at  the  U.S.  Army  Air 
Defense  Artillery  School  (USAADASCH)  at  Fort  Bliss,  Texas.  A 
Memorandum  of  Agreement  covering  this  research  project  was  signed 
on  7  November  1991  by  USAADASCH  and  ARI. 

The  results  of  this  research  were  briefed  to  Colonel  Schnak- 
enberg.  Chairman,  and  members  of  the  P^C’  Technical  and  Scien¬ 
tific  Advisory  Group  on  16  January  1992.  The  final  test  report 
describing  this  research  was  evaluated  by  the  proponent  in  an 
Abbreviated  Operational  Assessment  (AOA)  memorandum  dated  17  Jan¬ 
uary  1992.  This  AOA  concurred  with  the  results  described  in  the 
final  test  report. 
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EXECUTIVE  SUMMARY 


Requirement: 

This  research  was  performed  to  quantify  the  extent  to  which 
Stinger  team  performance  is  degraded  during  engagement  operations 
while  MOPP4  (Mission  Oriented  Protective  Posture  4)  chemical 
protective  clothing  is  worn  and  to  determine  if  precise  visual 
cuing  information  will  reduce  this  degradation. 


Procedure : 

Twenty-nine  Stinger  tezuns  of  two  members  each  (team  chief, 
gunner)  were  tested  under  conditions  of  MOPPO  and  M0PP4  in  the 
Range  Target  System  engagement  simulation  facility.  Twelve  teams 
performed  without  precise  cuing  information,  and  17  performed 
with  precise  cuing  information.  Measurements  were  recorded  for 
engigement  performance,  stress,  workload,  and  vision. 


Findings ; 

The  engagement  performance  of  Stinger  teams  was  signifi¬ 
cantly  poorer  when  wearing  MOPP4  than  when  wearing  MOPPO.  This 
decrement  in  performance  occurred  for  both  fixed-wing  targets  and 
rotary-wing  targets.  Analysis  of  these  results  suggests  that  the 
performance  degradation  seen  in  MOPP4  was  attributable  to  the 
properties  of  the  gas  mask:  Engagement  performance  was  signifi¬ 
cantly  better  for  the  cued  teams  than  it  was  for  the  teams  that 
were  not  cued.  This  improvement  was  seen  both  for  fixed-wing  and 
rotary-wing  targets.  Use  of  cues  substantially  reduced  the 
degradation  attributed  to  wearing  M0PP4.  For  rotary-wing  tar¬ 
gets,  cues  restored  53%  of  the  engagement  time  lost  to  M0PP4. 

For  fixed-wing  targets,  the  cues  restored  engagement  ranges  back 
to  MOPPO  levels.  Reported  stress  and  workload  ratings  were 
significantly  higher  when  Stinger  teams  wore  M0PP4  than  when  they 
wore  MOPPO.  The  detection  performance  of  Stinger  team  chiefs, 
both  in  MOPPO  and  in  M0PP4,  was  significantly  correlated  with 
several  measures  of  visual  sensitivity. 
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utilization  of  Findings: 

The  results  of  this  research,  in  the  form  of  a  final  test 
report  complete  with  data,  were  provided  to  the  fxindlng  organiza¬ 
tion  (the  Physiological  and  Psychological  Effects  of  the  Nuclear, 
Biological,  and  Chemical  Environment  and  Sustained  Operations  on 
Systems  in  Combat  Program  administered  by  the  U.S.  Army  Chemical 
School)  for  inclusion  in  its  reference  library  and  Performance 
Assessment  Model,  which  will  be  implemented  throughout  the  Army. 
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SroCER  TEAM  PERFOSaiAMCE  EORIMta  ENSSCOSMT  OIEPKnONS  IK  A 
CEOnCAL  ENVIRatiEHr:  ISE  EFFECT  OF  CEINS 


Backgreund 

Ihe  deleterious  ef fects  of  wearing  the  Missicai  Oriented  Prot^ive 
posture  (MDPP)  ensemble  on  performance  are  well  doamented.  A  review  of 
literature  showing  the  degrading  effects  of  M3PP  gear  on  performiance  was 

by  Carr,  Corona,  Jactacn,  and  Bachovchin  (1980) ,  and  Can:,  Kershner, 
Corona,  and  Jackson  (1980) .  Ihe  review  focused  cti  ten  tests  of  i^itary 
personnel  conducted  over  a  twenty-year  period  (1959-1979) .  Participants  in 
the  studies  included  mechanized  rifle  ccmpanies,  armor  crews,  artillery  crews, 
aviators,  and  maintainers  performing  their  assigned  duties.  In  most  cases, 
the  MDPP4  ensenble  significantly  impaired  the  ability  of  the  soldiers  to 
execute  their  assignments. 

For  instance,  artillery  and  mortar  forward  observers  experienced  a 
decrenent  vben  performing  target  detection  and  fire  adjustment,  and  a 
Reinforced  Mechanized  Rifle  Ocopany's  ability  to  execute  a  dismcxint  maneuver 
was  unacceptably  degraded.  Maintenance  elements  experienced  a  decrement  vhen 
performing  support  tasks  in  full  MDPP,  and  a  Marine  Battcilion  Landing  Team  was 
totally  incapable  of  executing  an  anphibious  assaiilt  in  the  chemical 
protective  ensemble.  Performance  degradation  was  also  experienced  by  aviators 
executing  attack,  defense,  and  fire  missions  eis  well  as  by  the  steiff  of  a 
Tactical  Operations  Center  (TOC)  performing  routine  acticais  during  a  seven-day 
oannand-post  exercise.  Most  furxtions  performed  by  the  TOC  staff  were  slower 
in  MDPP4,  and  written  work  and  ocranunicaticns  by  radio  and  telephone  were 
subject  to  more  errors. 

Althou^  degradation  was  investigated  across  a  variety  of  tasks  using 
diverse  military  perscxmel,  several  factors  that  can  affect  performance  in 
MOEP  gear  were  not  examined.  For  instance,  the  studies  cited  in  the  review 
were  oonducted  in  tenperate  climates.  Therefore,  excessive  heat  was  not  a 
factor  in  performance  degradation  because  none  of  the  tenperatures  ranged  over 
90  degrees  Fahrenheit,  The  effect  of  cold  weather  and  MDPP  gear  an 
performanoe  was  not  examined  in  any  of  the  tests.  The  studies,  which  were 
oonducted  at  the  squad,  platoon,  and  carpary  level,  did  not  include 
mountcdnous,  jungle,  or  desert  terrains.  Female  participants  were  not 
involved  in  the  research. 

Evidence  of  the  detrimentsil  effects  of  the  MDPP4  ensemble  continues  to 
be  documented.  The  literature  frcm  1980  to  1988  deading  with  the  effects  of 
the  chemical  defense  ensenble  and  extended  operations  on  performance  was 
suninarized  by  Headley,  Brecht-Clark,  Feng,  and  Whittenburg  (1988) .  Their 
review  included  mostly  laboratory  and  snail-scale  field  tests  involving 
infantry  performing  tasks  in  tenperate  climates  and  moderate  terrains. 

Headley  et  al.  (1988)  reported  that  performance  in  MDPP  gear  is  a 
function  of  many  variables  interacting  with  each  other.  Performance 
degradaticjn  can  be  influenced  ky  anbient  tenperature,  amount  of  activity 
involved,  previous  training  in  MDPP  gear,  type  of  task,  skills  required  to 
perform  the  task,  and  amount  of  rest  or  fatigue. 
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cai  their  review  of  stariies  in  which  the  chemical  protective 
ensemble  was  ijsed,  Headley  et  al.  (1988)  reached  several  conclusions.  Ihey 
determined  that  ccrammication  in  lOPP  gear  can  be  difficult,  and  that  this 
difficulty  is  exacerbated  by  distance  and  noise.  The  authors  observed  that 
soldiers  will  devise  new  ways  to  perform  their  tasks  to  overcome  the  effects 
of  the  chemical  protective  ensenble  and  conducled  that  training  in  MDPP  gear 
is  essential  to  prevent  soldiers  from  using  the  battlefield  as  a  place  to 
iiprovise  ways  to  carry  out  their  duties.  It  was  further  demonstrated  in  the 
reviewed  studies  that  practice  in  MDPP  gear  cam  reduce  sane  performance 
decrements,  specifically  those  associated  with  fine  motor  skills.  It  was  adso 
shown  that  hl«^  anbient  tenperatures  lead  to  levels  of  disccmfort  intense 
enou^  to  cause  performance  decline  on  most  tzisks.  Ultimately,  according  to 
Headley  et  ad. ,  most  tasks  can  be  performed  in  the  M3FP  ensemble,  but 
ccnpletion  times  may  be  longer. 

The  performance  decrements  in  WDFP4  described  in  the  literature  reviews 
can  result  fron  a  variety  of  factors  such  as  loss  of  manual  dexterity, 
degradation  of  reaction  time,  deterioration  of  psychcnotor  skills,  irpairment 
of  ^>eech  intelligibility,  and  reduction  of  the  visual  field.  These  variables 
are  being  investigated  to  disclose  the  degree  of  decrement  ^jecific  to  a  given 
situation.  In  sane  cases,  a  particular  piece  of  the  MDPP  ensemble  is  directly 
and  often  times  solely  re^xx^ible  for  the  observed  performance  decrement. 

The  mask  and  hood  worn  as  part  of  the  M9EP  gear,  for  instance,  are  known  to 
degrade  vision  and  ^3eech  functions. 

Reduction  of  the  field  of  view  as  a  function  of  the  chemical  protective 
mask  has  been  examined  in  laboratory  settings  by  Bensel,  Teixeira,  and  Kaplan 
(1987) ,  Harrah  (1985) ,  and  Kcbrlcik  and  Sleeper  (1986) .  Harrah  exsonined  visual 
performatxe  using  three  prototype  kM40  protective  masks  in  combination  with 
M19  binoculars.  Targets  were  presented  to  the  participants  on  slides.  Harrah 
recorded  the  field  of  view  with  each  binocular-mask  combination  and  the 
standoff  distance  from  the  soldier's  eye  to  the  ma.sk  lens  to  explore  their 
relationship  to  scan  time  performance.  He  found  that  mean  field  of  view 
decreased  linearly  as  standoff  dizstance  increased.  The  decreased  field  of 
view  caused  an  increase  in  the  time  required  to  scan  the  target  area. 

Kbbrick  and  Sleqjer  (1986)  examined  inpairment  of  the  visual  field  by 
studying  the  effect  of  wearing  MDPP4  in  a  hot  environment  on  signal  detection. 
Participants  performed  a  target  detection  ta^  which  ret^nxed  them  to  depress 
a  hand-4ield  pushHixctton  switch  whenever  the  onset  of  a  signzil  light  was 
detected.  The  authors  found  that  re^cnse  tine  for  signzQ.  detection  increased 
^stanatically  and  significantly  with  peripheralization  of  stimulus  locations. 
Visual  impairment  oocuned  early  during  the  test  and  remained  at  that  level 
for  the  rest  of  the  day.  The  authors  ocncluded  that  tlie  effects  of  MDPP  gear 
ipon  visual  performance  are  significant  and  serious. 

Bensel  et  al.  (1987)  quantified  the  field  of  view  decrement  caused  by 
vezuring  the  chemical  protective  ensemble  mask.  The  male  soldiers 
participating  in  this  experiment  were  instructed  to  duress  a  switch  upon 
initial  detection  of  a  target  light.  Both  eyes  were  tested  monocularly  over 
ten  areas  of  the  visual  field.  Bensel,  et  al.  found  that  the  mask 
substantially  restric±ed  the  field  of  -^ew  riien  cxitpared  to  bareheaded 
perfcxcmanoe. 
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Ihe  labcaratory  setting  has  also  been  ijsed  to  examine  the  effects  of  the 
chemical  protective  ensenble  mask  on  ^jeech  intelligibility.  Bensel,  et  al. 
(1987)  used  the  M17A1  mask  and  the  Modified  Kiyme  Test  to  examine  ^5eecii 
intelligibility  and  found  that  performance  in  the  M3EP4  condition  was  degraded 
vhen  ccnpared  to  the  no  MDPP  condition.  A  ^eech  intelligibility  performance 
decrement  in  the  M3PP4  ensenble  was  also  found  by  Nixon  and  Decker  (1985) . 
laid  volunteers  were  tested  in  the  All-Purpose  MCU-2  chemical  protective  mask. 
The  Modified  Hiyme  Test  was  used.  The  Mai-2  mask  and  hood  eidiibited  good 
speech  intelligibility  for  all  coarunication  configurations  in  the  77dB 
anbient  and  environiaental  noise  conditicn.  However,  voice  ccmmunication  was 
not  satisfactory  for  personnel  wearing  the  mask  and  hood  under  the  same 
ocmnunication  situations  in  the  higher  levels  of  simulated  operation  noise, 
such  as  those  vMch  would  be  experienced  in  cxxbat. 

Elements  of  the  M9PP4  ensenble  (suit,  gloves,  boots,  and  mask)  can  act 
alcne  or  in  cmoert  to  htpede  body  mobility,  psychonotor  coordination,  and 
marroal  dexterity.  VSiile  gloves  generally  make  the  greatest  contributicai  to 
performanoe  decrement  for  tests  of  manua]  dexterity  (Bensel,  1980;  Bensel,  et 
al.,  1987;  Jchnscn  &  Sleeper,  1986),  reduced  bocfy  mobility  and  inpeded 
psycbcmotor  coordination  can  result  from  various  conbinations  of  the 
oaiponents  of  the  protective  ensenble  (Bensel,  et  al. ,  1987) . 

Althou^  serious  problems  are  associated  with  wearing  MOPP  gear,  the 
effects  of  the  chemical  protective  ensenble  are  differential  d^jending  vpcn 
the  task  being  performed.  Many  studies  have  shown  M3PP0  and  MDPP4  performance 
to  be  functionally  equivalent.  They  have  also  shown  that  even  thou^  MDPP4 
performance  is  degraded,  in  many  cases  it  is  still  well  within  military 
standards. 

As  exanples,  Posen,  Monro,  Mitchell,  and  Satterthwaite  (1986)  subjected 
M113  and  Bradley  Infantry  Fic^jting  vaiicle  squads  to  ever  60  hours  in  near 
ccaTtinucxis  M0PP4  and  found  no  significant  performanoe  degradation.  Similarly 
the  U.S.  Air  Force  'tectical  warfare  Center  (1981)  found  that  a  random  saitple 
of  currently  (jialified  seexirily  ^lice  could  also  meet  standards  using  the  M- 
60  marline  gun  and  M-16  rifle  vdiile  wearing  chemical  defense  equipment. 

Eichty  percent  of  the  sample  using  the  M-16  rifle  attained  qualifying  scores 
and  100  percent  of  those  in  the  sample  irsing  the  M-60  attained  qualifying 
soOT^.  Even  theu^  Glimn  (1988)  reported  a  performaix3e  decrement  wh^ 
testing  armor  cresrfs  under  nuclear,  biolcgical,  and  chemical  (NBC)  conditions 
for  to  72  oontinucus  hours,  the  degradation  was  ixjt  significant.  Althou^ 
ever  time,  the  nunber  of  taurgets  that  these  cxews  attenpted  to  engage 
(tecreased  and  engagement  time  increased,  the  crews  hit  99  percent  of  their 
engaged  targets.  Glumn  observed  no  substantial  performance  decrement  in 
car  cverleamed  tasks  such  as  amnunition  resipply,  v^ede  or  aircraft 
identificaticn,  and  weapon  assenbly  or  disassembly.  Also  there  was  no* 
evidence  of  a  serious  p^ormanoe  degradation  on  these  latter  tasks  ever  time. 
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Evm  in  the  situations  in  v^ch  si±stantial  perfonanoe  decrements  do 
not  occur  vhile  v^earing  the  ICFP4  ensemble^  serial  oocKsms  about  the  health 
and  safety  of  the  participants  may  exist.  Wearing  ^ar  in  hot 
environments  subjects  the  participant  to  the  vesy  real  and  dangerous 
possibility  of  heat  stress,  heat  stroke,  and  dehydration.  Medical  monitoring 
of  participants  (Kxsx,  Simnons,  Christiansen,  &  Siering,  1987;  Mitchell,  Knox, 
&  wairly,  1987;  Posen,  et  al.,  1986)  via  rectal  tesperature  pirobes,  body 
wei<^,  urine  specimens,  EK:3s,  and  EEGs,  however,  has  made  it  possible  to 
establish  criteria  by  vhich  participants  should  be  withdrawn  fma  a  MDPP4 
investigation. 

Interestingly,  there  are  studies  in  which  a  H3FP  perfarmanoe  decrement 
has  not  been  noted  and  in  which  differences  in  physiological  measures  have  not 
occurred  as  a  function  of  the  chemical  protective  ensemble  (Heslegrave,  Frim, 
Bossi,  &  Popplow,  1990;  Posen,  et  al.,  1986)  but  in  which  measures  have 
indicated  the  presence  of  psychological  iirpairaent.  Heslegrave,  et  al.  found 
that  CF-18  pilots  in  full  individual  proto(rtivB  equipment  (UE)  retained  their 
operational  effectiveness  and  shewed  little  cbjective  evid^ce  of  degraded 
efficiency  or  safety.  Ihe  pilots  in  this  research  were  capable  of  flying 
their  aircraft  and  cccpleting  their  missions.  Althou^  seme  performance  and 
physiological  degradation  was  noted,  objective  flight  performance  information, 
cbjective  physiological  measures,  and  cbjective  cognitive  tests  fsiiled  to 
indicate  significant  degradation.  However,  the  IPE  pilots  rsported 
subjectively  increased  levels  of  fatigue,  deterioraticn  in  mood,  and  flight 
performanoe  inpairment  on  some  missions,  thus  demonstrating  the  psychological 
inpact  of  the  protecotive  ensemble. 

Posen,  et  al. ,  investigating  Mechanized  infantry  soldiers  and  squads, 
also  re^rted  no  significant  differences  in  tarns  of  performance  degradation 
or  physiological  measures  between  MDPPl  and  HCRM  conditions  in  a  mild  to 
moderate  <olimate.  Hewever,  after  60  or  more  hours  in  near  oontinuous  MDPP4, 
psychological  measures  revealed  increases  in  ze^iratory  euxl 

decreases  in  clear  thinking  and  friendliness.  Ihis  finding  demonstrates  again 
that  even  in  the  absence  of  significant  perfonianoe  and  physiological 
dacreroents,  psychological  impairment  can  oexar.  It  renains  to  be  seen  how 
this  impairment  nay  ultimately  irpact  perfornmnoe,  if  at  all. 

Because  the  effects  of  the  chemical  protective  ensemble  are  differential 
in  terms  of  performance  degradation,  physiological  measures,  and  psychological 
impairment,  it  is  necessary  to  establish  the  oensequenoes  of  MOPP  gear  across 
tasks,  currently,  insufficient  data  exist  to  allow  prediction  of  tasks  vAiich 
wni  be  inpaired  by  MDPP4  g^.  On  9  May  1984  the  Amy  Vioe  Chief  of  Staff 
directed  that  a  program  be  initiated  to  assefg  the  Rysiological  and 
Psychological  Effects  of  the  NUclezur,  Biological,  and  Qiemicad  EnvixOTment  and 
Sustained  Cperations  on  Systems  in  Oontoat  .  This  directive  followed 

frem  the  Airland  Battle  doctrine  requirement  for  extended  operations  on  a 
battlefield  where  NBC  agents  are  habitually  esployed  and  was  to 

ensure  that  the  oembined  arms  forces  axB  prepared  to  fight  and  win  on  this 
integrated  battlefield. 
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Initial  tests  xmder  the  I^NBC?  program  are  establishing  a  baseline  for 
cr&i  performance  to  allow  examination  and  validatiai  of  ronediad  measures. 
Results  of  these  tests  are  being  used  to  provide  planning  and  operational  risk 
factor  analyses  to  field  coomanders,  to  sqpfxsrt  the  develcpnent  of  training 
prograns,  to  develop  doctrine  and  organization,  ^  to  infli^nce  the  design 
and  acsguisition  of  materiel  to  improve  the  capabili'ty  to  conduct  successful 
ccctoat  cperatiois  on  a  battlefield  viiere  NBC  weapons  are  extensiv^y  and 

eiployed.  Concurrent  and  ocxplementary  researdi  is  identi^ing, 
ccnpiling,  and  assimilating  information  to  guide  and  sipplonent  this  process. 

This  ^per  reports  the  results  of  research  conducted  under  the  auspices 
of  the  I^NB^^program.  Ihe  investigaticai  addressed  E^NBC?  issu^  of 
performance  degradation  and  psychological  effects  of  the  cheraically 
oont-aTni  environment  by  testing  Forward  Area  Air  Defense  (FAAD)  soldiers 

in  MDPPO  and  IOPP4  under  benign  environmental  caanditions.  Two  sub-esperiments 
were  conducted.  In  Sub-Experiment  1,  baseline  data  were  collect^  for  the 
purpose  of  quantifying  the  performance  decTEsnent  vhioh  was  predicted  to  occur 
during  FAAD  engagement  performance  vdien  the  MDFF4  chemical  protective  sisemble 
is  worn.  It  was  hypothesized  that  the  M3PP4  mask  in  particular  would  reduce 
the  field  of  view  sufficiently  to  cause  a  significant  performance  decrement. 

Sub-Exoeriment  2  replicated  the  conditions  of  Sub-Experiment  1  and  in 
additicxi  contained  a  procedure  throu^  vhich  the  performance  decrement  seen  in 
the  baseline  experiment  was  expected  to  be  alleviated.  Because  the  chemical 
protective  ensemble  mask  restricted  the  field  of  view  of  FAAD  soldiers,  it  was 
hypothesized  that  by  providing  precise  cues  as  to  type,  range,  nunber,  auid 
azimuth  of  approaching  eiircraft  the  performance  decrement  observed  during 
Sub-Esqjeriment  1  would  be  reduced. 

Stress  and  workload  scales  were  administered  during  both  sub-experiments 
to  address  the  psychological  effects  of  the  chemical  protective  ensemble. 
Participants  in  this  research  were  requested  to  respond  to  a  stress 
questionnaire  by  indicating  the  feelings  they  were  experiencing  at  that 
particular  mcmait  in  time.  It  was  predicted  that  perceived  stress  wcxLLd  be 
greacer  under  conditions  of  MDPP4.  Workload  measures  were  collected  after 
each  trial  for  record.  Respondents  rated  the  degree  of  wor)cLoad  ttey  had 
experienced  cn  the  preceding  trial  along  six  dimensions.  Wcricload  was 
predicted  to  be  significantly  hi^ier  vhen  the  chanical  protective  ensemble  was 
worn. 


Hiis  investigation  also  addressed  visual  correlates  of  FAAD  engagement 
performance.  Although  this  questicn  is  not  qaecifically  ciligned  with  PNBC? 
issues,  previous  research  (Barber,  1990a)  has  demonstratad  that  certain 
measures  of  visual  sensiti'kty  are  related  to  air  defense  engagement 
performance. 
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Particirants 

Sub-ExpeHmenc  1.  TVrelve  Stinger  teams  fran  the  1st  Eattalion,  56th  Air 
Defense  Artillery  Regiment  served  in  this  sub-experim^  during  December  of 
1990.  F-arh  consisted  of  two  soldiers,  a  team  chief  and  a  gunner.  Ihe 
Military  Occupational  Specialty  (M36)  for  edl  soldiers  was  16S.  The  mean  age 
of  soldiers  was  19.0  years  (median  18.0) .  All  24  participants  were  in  their 
last  week  of  Advanced  Individual  Training  (AIT)  at  Fort  Bliss,  Texas. 

Sub-Experi-ment  2.  Seventeen  Stinger  teams  frcm  the  1st  Battalion,  56th 
Air  Defense  Artillery  Regiment,  served  in  this  sub-experiment  during  January 
of  1991.  Each  consisted  of  two  soldiers,  a  team  chief  and  a  gunner.  The 
M3S  for  2dl  soldiers  was  16S.  The  mean  age  of  soldiers  was  21.6  years  (median 
20.0) .  All  34  participants  were  in  their  last  week  of  ATT  at  Fort  Bliss, 
Texais. 

The  Stinger  Weapon 

Stinger  is  a  nan-portable  adr  defense  weapon  system.  It  is  a  shoulder- 
fired,  infrared-hcming  (heat-seeking)  guided  missile.  Stinger  requires  no 
control  from  the  gunner  adter  firing.  It  has  an  identification  friend  or  foe 
(IFF)  subsystem  which  electronically  interrogates  target  aircraift  to  establish 
friendly  identif icatioi .  Stinger  provides  short-range  air  defoise  for 
maneuver  units  and  less  mobile  ccntoat  support  units.  Stinger  is  designed  to 
counter  hi^-^)eed,  low-level,  ground-attack  aircraft.  It  is  also  effective 
against  helicopter,  observation,  and  tran^jort  aircraft  (Field  Manuail  No.  44- 
18-1,  1984). 

Gunners  maintain  proficiency  by  practicing  with  the  Stinger  Training  Set 
Guided  Missile  (M134) .  Each  training  set  consists  of  a  tracking  head  trainer, 
five  rechargeable  batteries,  an  IFF  simulator,  and  a  storage  container.  The 
Stinger  tracking  head  trainer  (THT)  simulates  the  actual,  live  Stinger  round  in 
size,  shape,  wei^t,  and  feedback  fzas  engcigaoait  actions — except,  of  course, 
no  missile  is  launched.  The  seeker  head  inside  the  THT  is  the  same  seeker 
head  as  inside  the  live  missile.  Thus,  its  audio  feedback  to  the  gunner  vMle 
tracking  the  heat  source  of  an  adrcraift  is  the  same.  The  IFF  simulator 
imitates  the  actual  IFF  subsystem  in  size,  weight,  cabling  requirements,  and 
provides  the  same  audio  feedback  to  the  gunner.  The  Training  Set  Guided 
Missile  was  the  weapon  used  during  this  research.  Two  were  used .  in  Sub- 
Experiment  1  and  four  were  \med  in  Sub-Experimsit  2. 

Additional  Equipment 

Additional  equipment  Included  7  x  50  bincxailars  (M19) ,  one  pair  for  each 
team  chief.  Except  for  the  M40  sesk  and  hood,  edl  M3FP4  eqiiiptnent  was 
provided  by  the  imit  supplying  the  participarta.  This  included  the 
overgarment  (worn  closed) ,  the  overboots,  and  tte  gloves.  The  mask  and  hood 
were  also  worn  closed. 
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The  Range  *raraet  System  fRIS> 

Descripticai.  Air  defense  parfonnance  data  for  this  experiment  vsre 
collected  in  the  Range  Target  System  (KES) .  KIS  is  a  Forward  Area  Air  Defense 
engagement  sinulaticn  facility.  In  this  sirulaticn  facility,  air  defenders 
employ  their  actual  weapons  in  simulated  engagement  of  subscale  fixed-wing  and 
rctary-^idng  aircraft.  RTS  is  located  in  the  desert  near  Oondron  Amy  Airfield 
at  White  Sands  Missile  Range,  Mew  Mexico.  RTS  is  the  third  FAAD  simulaticai 
facility  developed  by  the  United  States  Anny  Research  Institute  (USARI)  Fort 
Bliss  Field  Unit,  having  evolved  fran  the  Realistic  Air  Defense  Engagement 
System  (RAE£S)  circa  1984-1985,  and  the  multiple  weapon  RACES  (MRAEES)  circa 
1986-1989.  RIS  has  been  operational  since  1989.  Details  as  to  the  validation 
of  this  simulation  facility  can  be  found  elsewhere  (Barber,  1990b;  Drewfs, 
Barber,  Johnson,  &  Fredericikson,  1988;  Johnson,  Barber,  &  locWxart,  1988). 

RTS  was  designed  to  be  a  hi^fidelity,  non-system-^aecific  testbed, 
trainer,  and  evaliiator  for  the  current  FAAD  weapon  systems  [VUlcan,  Product 
Improved  VUlcan  Air  Defense  System  (PIVADS) ,  Chaparral,  Stirqer,  and  Avenger] . 
As  such,  RES  can  address  the  crew  engagement  training  requirements  for  over 
half  the  2dr  defense  population  (M3Ss  16R,  16P,  16S,  and  14S) .  unlike  the  two 
previous  designs,  RTS  is  mobile  and  can  be  set-ip  relatively  quicKLy  for  new 
training  exercises  car  test  applications.  Its  design  it 

versatile,  allowing  RES  to  be  rapidly  reconfigured  to  meet  the  specific  needs 
of  ootmanders,  trainers,  or  evaluators.  To  date,  VUlcan,  PIVADS,  Chaparral, 
Stinger,  and  Avenger  units  have  engaged  aircraft  in  RES. 

RTS  currently  vises  one-fifth  scale  rotary-wing  (helicxpter)  and  fixed- 
wing  (airplane)  targets,  althou^  other  scales  can  be  acoomdated  and  have  been 
used  in  the  past.  All  targets  represent  US  or  Soviet  aircraft.  Aircraft  are 
camouflaged,  three  dimensional,  molded  fiberglass  replicas.  Ihey  are  either 
^cwn  remotely  acxxarding  to  prescribed  fli^t  paths  and  maneuvers,  or  pop-up 
fran  designated  positions  via  pneumatic  stand-lift  mechanisms.  The  flying 
fixed-wij^  (IW)  and  rotary-wing  (IW)  aircraft  are  remotely  controlled  by  radio 
signals  fra  expert  pilots  stationed  in  the  test  range.  Ihe  pcp-vp  FW  targets 
are  positioned  strategically  b^iind  sand  dunes  at  scenario  prescribed 
distances.  Flying  aircraft  are  tracked  by  a  laser  position-location  system 
vMch  is  acxurate  to  within  one  meter  in  three  dimaisional  space.  All 
aircraft  are  fitted  with  a  heat  source  which  stimulates  the  infrared-radiation 
seeker  of  heat-acquiring  missile  systans  such  as  Chaparral,  Stinger,  and 
Avenger. 
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Air  defense  weapons  are  transported  to  tlie  RTS  site  and  etplaced  in  a 
battle  position.  Weapons  are  cabled  to  the  Data  Aa^iisiticn  Station  (CAS)  and 
signal  taps  are  installed  on  ]cey  v^apon  pins.  Ihe  DAS  interrogates  the  weapon 
every  250  milliseconds  to  see  if  a  gunner  action  has  occurred.  Gunner 
engagero^  actions  are  thus  collected  autcnatically  and  time  coded  with  a 
resolution  of  250  millisecjonds.  Team  chief  verbal  actions,  such  as  detection 
and  identificaticn,  are  recorded  by  a  human  data  collector  vho  enters 
keystrokes  on  a  oonputer  Iceyboard  located  at  the  weapon  position.  The  DAS 
interrogates  this  keitxaard  every  250  milliseocnds  to  see  if  a  verbal  acticn 
has  occunred.  In  this  fashion  gunner  and  team  chief  engagement  actions  are 
entered  into  the  trial  database  along  with  a  tiae  code — time  in  seconds  from 
target  availability — and  a  range  code — range  of  target  aircraft  in  kiloneters 
from  fire  unit.  Thus,  at  the  end  of  each  engagement  trial  a  ocnplete  record 
of  all  engagement  actions  emitted  ty  the  team  is  obtzdned.  Ihis  record  is 
mathematically  processed  in  near  reed  time  and  is  acvsulable  in  the  form  of 
feedback  a  few  seconds  edTter  the  termination  of  igfriairiaHrt  trial. 

Fot  gun  systems,  such  as  Vblcan  or  PIVAIB,  a  laser  ballistics  simulation 
module  is  interfaced  vdth  the  turret  electronics  and  boresi^ited  to  the 
barrels.  Ihis  part  of  the  RIS  sinulaticn  recccds  where  the  gunner  is  pointing 
relative  to  the  ]cncwn  pcsition  of  the  target  and  vpon  fire  a  mathematical 
model  synthe^cally  flies  each  round  out  to  target  interop  (or  miss)  in  real 
time.  Ihe  simulator  provides  a  dif^lay  of  red  tracer  rounds  in  the  gunner's 
retire  vhich  appear  vhere  actual  rounds  would  appeeir.  This 
provides  specific  performance  feedback  in  the  fann  of  number  of  rounds  on 
target,  mean  miss  distance,  and  direction  off  center.  For  systens, 

the  mathematical  model  syntoetically  flies  each  missile  out  to  known  target 
ptoiticn  for  target  intercept  (or  miss)  in  real  time.  Of  course,  RIS  has  a 
different  mathematical  model  for  each  different  missile  system  and  annunition 
type.  In  this  fashion  the  effects  of  a  complete  engagement  can  be  determined 
("kill"  or  "miss")  without  necessitating  the  dangers  or  expei^  of  live  fire. 

The  primary  ocupajaits  of  the  Range  Ihrget  System  are  the  Flying  Target 
Systan  (FTS) ,  the  Rp-Op  Target  System  (PES) ,  the  Range  control  Station  (RCS) , 
the  Data  Acxguisition  Station  (DAS) ,  and  the  Position  Location  Station  (PLS) . 
The  Res,  DAS,  and  PIS  oorponents  are  described  in  greater  detail  in 
(1990c) .  The  PIS  and  FTS  oonpenents,  respectively,  eure  described  more  fully 
in'  Berry  and  Barter  (I990a&b) . 

The  FIS  presents  flyir^,  cne-fifth  scale  models  of  fixed-wing  and 
rotary-wing  aircraft.  Current  models  include  the  US  A-7,  A-10,  and  F-16  as 
well  as  the  Soviet  Su-17,  Su-25,  and  MiG-27.  (NOTE:  PIS  is  capable  of 
providing  av2did  target  envirennent  with  other  than  one-fifth.  In 

ord^^to  reduce  costs  in  this  experiment,  PES  presented  one-sewarth  scale  FW 
an  earlier  inventory.  These  were  edreraft  that  USARI  had 
purchased  previously.  The  specific  models  were  the  US  A-7  and  A-10,  as  well 
as  the  Soviet  Su-20/22  and  Su-25.) 
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The  PIS  presents  cne-fifth  scale  Tnodels  of  rotary-wing  aircraft.  These 
helicopters  pcp-v?),  pneumatically,  from  defilade,  hover  for  a  scenario- 
specified  period  of  time  with  the  rotor  turning,  and  then  descend.  Each  FIS 
is  caiputer  controlled  by  radio-frecjjency  instructions  sent  from  the  PCS. 
Current  models  include  the  US  AH-1,  AH-64,  UH-1,  UH-60,  and  CH-3  as  well  as 
the  Soviet  Mi-8,  Mi-24,  and  Mi-28.  The  models  used  in  this  ejgjeriment  were 
the  AH-1,  AH-64,  UH-1,  Mi-8,  Mi-24,  and  Mi-28. 


The  PCS  is  the  station  %here  voice  ocimimicaticns ,  system  test  and 
calibration  chedks,  initialization  of  the  system,  real-time  functions, 
performance  scoring,  and  printing  of  feedbacdc  are  initiated.  Control  of  the 
Range  Target  System  during  scenario  presentation  is  locnted  at  the  PCS.  The 
PCS  software  is  designed  to  link  %ath  up  to  ei^  Data  Acquisition  Stations 
and  to  control  \ip  to  twelve  Bof>>Up  Target  Systems. 

The  CAS  captures  all  of  the  stjjad  leader  (or  team  chief)  and  gunner 
engagement  task  perfoxrence  and  weapon  events  as  a  function  of  elapsed  time 
and  adrcraft  range.  Response  tine  is  measured  with  a  resolution  of  250 
milliseconis.  Aircraft  range  is  measured  using  the  Position  location  System 
to  a  resolution  of  one  meter.  Effects  scoring  and  assesanent  of  kills  ax& 
also  performed  at  the  DAS.  The  DAS  provides  scenario  feedback  on  these 
evaits. 

rxjring  Sub-Eiperlment  1  there  were  two  separated  weapon  positions,  each 
with  its  own  DAS  and  data  collector.  During  Sub-Experiment  2  there  were  four 
separated  weapon  positions  each  with  DAS  and  data  collector.  (Not  all  four 
weapon  positions  ware  vised  on  every  test  day,  depending  upon  soldier 
availability. )  Currattly,  all  DASs  are  ocntcolled  by  the  PCS  and  ccnsnunicate 
with  the  PCS  by  radio  frequency  signals.  Prior  to  each  trial,  scenario 
inforroation  is  down-loaded  from  PCS  to  DAS.  After  each  trial,  er^ageraent  data 
are  vp-loaded  from  DAS  to  PCS. 

The  PIS  is  vised  for  twa  key  purposes.  First,  it  is  used  to  register 
(ground  locate)  the  weapon,  the  pop-vp  helicopter  stands,  flying  target  launch 
positioTS,  as  well  as  the  other, RIS  stations  (PCS,  DAS,  and  PIS).  Secmd,  it 
is  used  to  track  flyable  targets  and  determine  their  range  throuchout  a 
scenario.  The  PIS  can  automatically  detect,  acquire,  and  track  flyable 
targets.  It  can  also  be  operated  manuzdly  using  its  video  display  and 
trackball. 
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Mi:v^«ai-rps  of  Tyjrformanoe  obtained  frtin  RES,  TXro  general  classes  of 
performance  measures  were  collected — Task  Perfotmanoe  Measures  and  Suranary 
Performance  Measures.  Task  Performance  Measures  (TFMs)  are  potentially 
collectable  cai  a  trial-by-trial  basis.  These  measures  describe  the  time 

or  the  target  aircraft  range  when  specific  engfcigement  acticns  (tasks) 
are  performed.  For  fixed-wing  aircraft  these  TFMs  are  expressed  in  terms  of 

the  zdrcraft  range  in  full-scale  kilaneters  when  the  engagement  actions  _ 

occurred  (e.g. ,  detecticn  range,  identificaticn  range,  fire  range) .  Since  RTS 
aircraft  eire  subscale,  all  ranges  are  presaited  in  terms  of  full-scaile  range 
equivalents  by  multiplying  the  measured  range  by  the  sczding  factor.  For 
rotary-wing  aircraft  TFMs  expressed  in  terns  of  the  elapsed  time,  in 
seconds,  between  two  events  or  engagement  actions  (e.g. ,  time  from  target 
aivzdlabie  to  detect,  time  from  detect  to  identify,  time  frcni  identify  to 
fire) .  The  TFMs  collected  in  this  experiment  are  described  in  Table  1  by 
aircraft  type. 

Sunmary  F^erformanoe  Measures  (SFMs)  are  collected  by  sunsning  across 
a^rcpriate  scenarios.  SFMs  are  expressed  in  terms  of  percentages  (e.g., 
percent  aiircraft  detected,  percent  hostile  aircraft  correctly  identified, 
percent  hostile  aircraft  attrition) .  The  SIMs  collected  in  this  experiment 
are  described  in  Table  2. 

Procedure 

Data  oo]  lection  activities  took  place  in  two  phases — ^those  activities 
performed  prior  to  field  testing  and  those  activities  performed  during  field 
testing.  Field  testing  took  place  during  four  three-day  periods  (Saturday, 
Sunday,  and  Mbnday)  in  December  1990  and  January  1991.  Vision  testing  and 
related  activities  took  place  e.ach  Wednesday  and  Thursday  evening  immediately 
prior  to  the  field  testing.  Half  of  tJie  soldiers  due  for  field  testing  the 
following  weekend  were  broucht  ^n  for  vision  testing  cn  Wednesday  evening  and 
the  renaining  h2ilf  on  Thursday  evening.  The  schedule  of  data  collection 
activities  is  presented  in  Thble  3. 
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Table  1 


Task  Perfonnance  Measures  Ci)tained  f rr^  RES  hy  Aircraft  lype 


Fixed-Wim  Aircraft 

Detecticn  Range:  Range  of  aircraft  in  full-scale  kilcoeters  at  detect 
le^xxise  {’’target") 

Identificaticn  Range:  Range  of  aircraft  in  full-scale  kiloneters  at  ID 
req>onse  (tactical  ID  "hostile"  or  "friendly") 

IFF  Range:  Range  of  aircraft  in  full-scale  kilonetars  at  IFF  button  push 

Acquire  Range:  Range  of  edrcraft  in  full-scale  kiloneters  at  weapon 
acquisition  signal 

Dx3c-0n  Range:  Range  of  aircraft  in  full-scale  kiloneters  at  press  of  uncage 
bar  (which  locJcs  seeker  onto  target) 

Fire  Range:  Range  of  aircraft  in  full-scale  kiloneters  at  fire  trigger  pull 

Percent  Tracking  Time  on  T^get;  Percent  of  total  time  window  between  first 
weapon  acxyiire  signal  zurd  press  of  uncage  bar  that  weapon  is 
signading  acquire  (i«e.,  time  on  target  divided  by  total' 
possible  traddng  time) 

Potarv-Winci  Aircraft 

Time  frco  ISurget  Available  to  Detect:  Time  in  seconds  fron  instrument  record 
of  tar^  available  until  detect  response  (target  atvailable 
is  defined  as  that  time  when  the  taunget  has  risen  far  enou^ 
to  be  visible  fron  the  wec^xsn  positions) 

Time  fron  Detect  to  IFF:  Time  from  detect  response  to  IFF  button  push 

Time  fron  Detect  to  Identify:  Time  fron  detect  response  to  ID  re^xanse 

Time  fron  Detect  to  Accyiire:  Time  fron  detect  resxxise  to  weapon  acquisiticn 
signal 

Time  fron  Aoc^iire  to  Lock-On:  Time  fron  weapon  acquire  signal  to  press  of 
uncage  bar 

Time  fron  lock-Cn  to  Fire:  Time  frcm  press  of  uncage  bar  to  fire  trigger  pull 

Time  frcm  Identify  to  Fire:  Tims  frco  ID  response  to  fire  trigger  pull 

Time  fron  Detect  to  Fire;  Time  frco  detect  response  to  fire  trigger  pin 
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Table  2 


Sunmary  Performance  Measures  Obtained  frcn  RIS 


Percent  Aircraft  Detected:  Number  of  aircraft  for  vAiich  a  detect  response  is 

given,  divided  by  the  tctal  nunber  of  aircraft 
presented 

Percent  Aircraft  Correctly  Identified:  Number  of  aircraft  for  whicii  a  correct 

ID  re^xnse  is  given,  divided  by  the  total  nunber 
of  edrcraft  detected 

Percent  Hostile  Aircraft  Correctly  Identified:  Number  of  hostile  aircraft  for 

vAiich  a  correct  ID  response  is  given,  divided  by 
the  tctal  nunber  of  hostile  aurcraft  detected 

Percent  Friendly  Aircraft  Correctly  Identified:  NUnber  of  frien^y  aircrzrft 

for  vihich  a  conect  ID  re^xanse  is  given,  divided 
by  the  total  nunber  of  friendly  adrcraft  detected 

Percent  Hostile  Attriticn:  Nunber  of  hostile  aircraft  credited  as  killed, 

divided  by  the  totad  number  of  hostile  aircraft 
presented 

Perxxnt  Fratricide:  Number  of  friendly  aijxxaft  credited  a^  killed,  divided 

by  the  totad  nunber  of  friendly  aircraft  presented 

lercent  Hostiles  Killed  Prior  to  Ordnauxs  Release:  Nunber  of  hostile  aircraft 

credited  as  killed  prior  to  ordnance  release, 
divided  by  the  tctad  nunber  of  hostile  aircraft 
presented  (Ordnance  release  is  defined  as 
approaching  within  two  kilcraeters  of  weapon 
position  for  fixed-wing  aircraft.  Ordnamce 
release  is  defined  as  20  seccnds  aifter  target 
avaiilability  for  rotary-wing  aircraft.) 

Conditional  Probability  of  Kill  Given  Fire  (eagaessed  in  percent) :  Number  of 

edrcraft  credited  as  killed  (hostile  plvs 
friendly) ,  divided  by  the  total  nunber  of  fire 
events  (fire  trigger  pulls) 
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Table  3 

Schedule  of  Data  Collection  Activities 


Sub-Experiment  1;  Stinoer  Baseline 


Vied 

Ciu 

Sat 

Sun 

Mon 

5  pec 

6  Dec 

8  Dec 

9  Dec 

10  Dec 

AM: 

-  .  - 

_  _  _ 

MDPPO 

MDFP4 

MDPPO 

EM: 

_  -  - 

- - 

M3PP4 

MDPPO 

MDPP4 

Nii^t: 

Vision 

Vision 

—  —  — 

•  ••  • 

iw  w 

12  Dec 

13  Dec 

15  Dec 

16  Dec 

17  Dec 

AM; 

-  -  _ 

M3PP4 

MDPPO 

MDFP4 

IM; 

- 

_  — 

M3PP0 

MDPP4 

MDPPO 

Ni^t; 

Vision 

Vision 

_  -  — 

—  —  — 

—  —  — 

Sub-Experiment  2;  Stinoer  Cuim 


wed 

Ihu 

Sat 

Sun 

Mon 

16  Jan 

17  Jan 

?Q. 

IL-Jaa 

AM; 

-  -  - 

-  -  - 

MDPPO 

MDPP4 

* 

IM; 

-  -  - 

-  -  - 

MDPP4 

MDPPO 

* 

Night; 

Vision 

Vision 

-  -  - 

—  —  — 

—  —  — 

33 .Jan 

24  Jan 

26_JM 

27  Jan 

28  Jan 

AM: 

-  “  - 

-  -  - 

MDPPO 

MDPP4 

MDPPO 

FM; 

-  -  - 

•  -  - 

MDPP4 

MDPPO 

MDPP4 

Ni^; 

Vision 

Vision 

_  -  - 

-  -  - 

-  -  - 

AM  »  0900-1200  hrs 

EM  =»  1300-1600  hrs 

Night  -  1800-2100  hrs 

*  »  Cancelled  due  to  snowstom 
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Activities  prior  to  field  testing.  ISARI  personnel  transported  the 
research  participants  to  Building  111,  Fort  Bliss,  hone  of  the  USARI  Fort 
Bljgg  Field  Unit.  Here  the  soldiers  were  briefed  as  to  the  mture  of  the 
research  eind  their  participation  in  it.  Infomation  concerning  the  weekend 
field  testing  was  k^  at  a  general  level.  Infomation  oonoeming  the  night's 
vision  testing  was  defscribed  in  detail.  Questicns  were  answered,  where 
aicpropriate.  Soldiers  were  offered  the  opportunity  to  read  cind  then  sign  the 
Volunteer  Affidavit.  All  signeL.  Participants  were  then  tested  individually 
for  fovecil  visual  acuity,  visual  contrast  sensitivity,  and  visucil  resting 
focus  distance. 

Foveal  visucil  acuity  was  measured  binocularly  frcm  a  distance  of  20  feet 
(6.10  meters)  using  the  standard  Tumbling-E  acuity  chart.  Ihis  test  measured 
the  participemt's  ability  to  resolve  very  small  differences  in  hi^  oraitrast 
visual  stimuli.  It  presented  a  range  of  stiauli  frcm  20/25  to  20/4,  with 
20/20  being  cne  minute  of  arc.  A  score  of,  for  exanple,  20/16  shculd  be 
interpreted  to  mean  that  this  participant  performs  as  well  at  20  feet  as  tlie 
normal  subject  does  at  16  feet.  Smaller  numbers  mean  better  acuity. 

Ihe  acuity  chart  was  placed  at  level  in  a  well-illuminated  rocra.  A 
modified  Method  of  Limits  psychophysical  procedure  was  used  to  determine 
threshold  acuity.  Participants  were  asked  to  read  each  line  of  the  c±icu± 
adcud  frcm  the  left  margin,  beginning  with  the  top  line  (easiest,  20/25) . 

Each  line  cxantained  five  Es,  each  one  in  either  the  up,  down,  left,  or  ri^t 
orientation.  Participants  responded  •VJown,'’  "left,"  or  "ri^t"  to  each 

suooessive  E.  Ihreshold  was  defined  as  the  acuity  vadue  of  the  smadlest  line 
cn  which  the  participant  got  at  least  four  of  the  five  correct.  VJhen  the 
participant  xnissed  two  d  more  an  a  givai  line,  the  test  was  terminated  and 
the  threshold  recorded. 

Visual  contrast  sensitivity  was  measured  binoculaurly  frcm  a  di. stance  of 
10  feet  (3.05  meters)  using  the  Vistech  Vision  Contrast  Test  System  chart 
(cxanfiguration  B) .  This  test  measured  the  participant's  ability  to  resolve 
very  small  differences  in  brigntness  contrast  between  adja(xnt  spatiad 
locations.  The  Vistech  chaurt  displayed  sine-wave  gratings  (parallel  lines) 
varying  in  ^aatiad  frequency  and  brightness  ocntraist.  Forty  circular  patches 
of  sine-wave  gratings  were  organized  into  five  horizontad  rows  of  eight 
patches  each.  Each  of  the  rows  was  a  different  spatiad  frequency  increasing 
frcm  top  to  bottom  (1.5,  3.0,  6.0,  12.0,  and  18.0  cycles/degree).  Within  each 
row,  brightness  cmtrast  decreased  in  regulaur  decrements  frcm  the  left-most 
patch  (interval  number  one)  to  the  right-most  patch  (intervad  nuntoer  eicfit) . 

Ihe  contrast  sensitivity  chart  was  placed  at  eye  level  in  a  well- 
illuminated  rocm.  A  modified  Method  of  Limits  psychophysical  procedure  wais 
used  to  determine  threshold  contrast  sensitivity.  Participants  were  asked  to 
read  each  rcw  of  the  chaurt  adcud  frcm  left  to  right.  Ihe  lines  of  each 
grating  patch  were  oriented  either  left,  ri^,  or  straii^t  up.  Participants 
re^xonded  "left, ""right,"  or  "up"  to  each  suooessive  grating  patch. 

Threshold  was  defined  as  the  highest  interval  mmber  (the  lowest  brightness 
cantrart  patch)  that  the  participant  correctly  identified  in  a  rcw.  When  the 
peirticipant  incorrectly  identified  a  patch,  the  threshold  tor  that  row  was 
recorded  and  the  participant  went  on  to  the  next  lower  row  (hi^Ter  ^atial 
frequency) .  In  this  fashion  a  threshold  was  determined  for  all  five  rows  (all 
five  ^satial  freq.jencies) . 
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The  resting  focal  distance  (also  called  dark  focus  distance  or  resting 
acccrcdation  distance)  was  measured  for  the  ri^t  eye  using  a  polarized 
vernier  optcroeter  built  by  Uliana  Aviation  Sciences,  Limited.  This  test 
measured  the  participant's  resting  acocmcdation  distance  in  diopters  plus  a 
constant  10.  A  diopter  is  a  unit  of  measurement  of  the  refeactive  power  of  an 
optical  lens—such  as  the  lens  of  the  human  eye.  Distance  measured  in 
diopters  is  proportioricil  to  the  reciprocad  of  the  focal  distance,  in  meters 
(e.g.,  0  diopters  equals  a  focal  len^  of  infinity,  1  diopter  equals  a  focal 
length  of  1  meter,  2  diopters  equals  a  foccd  length  of  0.50  meters,  3  diopters 
equals  a  focal  lerqth  of  0.33  meters,  etc.).  Thus,  large  numbers  r^resent 
short  focal  length  and  vice  versa.  Since  the  resting  focal  dif^tanoe  of  many 
people  is  between  infinity  and  one  meter,  a  common  ccawention  is  to  a^  the 
constant  10  to  the  diopter  value  to  make  the  numbers  easier  to  work  with. 

Focal  distance  is  the  frcm  the  lens  of  the  eye  to  the  point 

focussed  upon.  This  distance  typically  varies  frcm  about  15  centimeters  to 
optical  infinity  (about  6.10  meters).  Pesting  (or  dark)  foccil  distance  refers 
to  the  foccil  length  of  the  resting  eye.  That  is,  an  eye  that  is  not  focussing 
vpcn  anything — such  as  an  eye  that  is  in  the  dark.;  People  vary  in  their 
resting  focal  distance. 

Testing  was  performed  in  a  dark  room.  Each  participant  placed  his  head 
csi  a  chin  rest  and  adjiffited  this  chin  rest  until  his  right  eye  was  optimally 
positioned  to  view  the  stimuli  froa  a  distance  of  about  15  centimeters.  The 
stimuli  were  three  lighted,  vertical  line  segments  which  were  flashed 
sirultaneously  for  a  duratiaa  of  500  milliseconas.  The  upper  and  lower  line 
segments  were  aligned  in  fixed  positions.  The  middle  line  segment  could  be 
adjusted  to  the  ri^t  or  left  ixntil  it  was  precisely  aligned  with  the  other 
two.  The  participant's  task  was  to  align  the  three  line  segments  by  telling 
the  esperimenter  after  each  trial  (fla^)  that  the  middle  segment  was  either 
"left,"  "ri^t,"  or  "centered"  relative  to  the  upper  and  lower  segments.  The 
mdddle  line  would  be  perceived  as  centered  ^hen  it  was  presented  at  the 
participants  resting  focal  point. 

A  Method  of  Limits  psychophysical  procedure  was  enplcyed  to  determine 
resting  focal  distance.  Six  measurements  were  performed.  Three  measurements 
began  with  the  middle  segment  well  left  (inward)  and  proceeded  ri<^t  (outward) 
until  the  participant  re^xanded  "centered. "  Three  measurements  began  with  the 
middle  segment  far  right  (outward)  and  proceeded  left  (inward)  until  the 
participant  re^xanded  "oencemd."  Far  left  and  'far  ri^t  starting  points 
edtemated.  The  resting  focal  distance  for  each  participeint  was  defined  as 
the  mean  of  these  six  meeisurements. 

Field  testing.  The  16S  personnel  were  tested  in  the  KIS  during  their 
last  week  of  ATT.  Due  to  requirements  for  classroan  time,  field  data 
collection  took  place  Saturday,  Sunday,  and  Monday.  We^xmis  were  set-np 
and  calibrated  an  Friday. 


Perscannel  were  brought  to  the  RIS  site  by  an  instructcar  who  in  no  way 
interfered  with  the  test  or  coached  the  participants  during  the  test.  Upon 
eirrival,  the  trainees  were  briefed  in  detail  as  to  the  nature  of  the  research 
as  e^rcpriate  and  vhat  was  ^lecificadly  required  of  than  (e.g. ,  allocation  of 
team  chief  tasks,  allocation  of  gunner  tasks) .  Trainees  were  shewn  exanples 
of  stress  and  WDr)cload  questionnaires  and  instructed  in  hew  and  vhen  to 
conplete  them.  Personnel  arrived  at  the  KES  site  as  members  of  preexisting 
teams  in  th^  received  their  Advanced  Individual  Training.  Ihese 

preexisting  teams  were  randctnly  assigned  to  weapon  positions.  Each  team  chose 
their  own  individual  duty  assignments  (i.e.,  team  chief  or  gunner) . 

[NOTE:  I^pically,  a  new  AIT  graduate  would  not  be  a  team  chief.  For 
purposes  of  this  experiment,  hewever,  leadei>gunner  teams  were  a  requirement. 
So  trainees  were  chosen  as  "acting”  team  leaders.  Diis  did  not  prove  to  be  a 
problem,  procedurally,  since  the  trainees  were  knowledgeable  and  eager  to 
perform  as  team  chiefs.] 

Once  at  a  veapan  position,  the  data  oollector  reviewed  the  engaganent 
actions  with  the  team  and  showed  them  their  sector  of  re^xnsibility,  left 
limit,  ri^t  limit,  and  primary  target  line  (PTL) .  Each  team  was  responsible 
for  defending  the  same  90  degree  seeutdi  sector.  Procedures  were  employed  to 
keep  all  weepon  positions  visually  and  aurally  independent  of  one  einother  so 
that  no  cross  cuing  occurred. 

Each  team  received  13  data  trials  imder  conditions  of  MDPPO  and  13  under 
M3PP4.  MDPPO  and  MDPP4  trials  occurred  in  a  groip  either  during  the  morning 
or  during  the  afternoon.  The  schedule  of  M30FPO  and  MDPP4  trials  was 
ocunterbEilanced  across  days  of  the  ejperiment  as  presented  in  Table  3.  Prior 
to  each  momirg  and  afternoon  session  a  practice  trial  was  run  ^hich  contained 
both  a  fixed-wing  and  a  rotary-wing  adrexaft.  Participants  received  feedback 
on  their  performance  at  the  end  of  the  day  after  they  finished  both  the  MDPPO 
and  the  MDPP4  sessions. 

The  same  13  scenarios  were  presented  to  all  teams  both  in  the  MDPPO  and 
the  MDPP4  sessions — tut  in  a  different  ccunterbcdaTx:ed  order.  The 
ocunterbalanced  ordering  of  scenario  presentations  varied  both  across  sessions 
within  a  day  and  across  test  days.  The  counterbalancing  scheme  was 
constrained  by  the  practical  necessity  not  to  have  two  fixed-wing  triads  back- 
to-back  (i.e.,  to  save  pr^jaration  time) .  Ihe  13  test  soenaurios  are  describ«=^ 
in  Table  4.  Ihese  13  scenarios  presented  the  participating  tganw  with  a 
variety  of  aircraft  targets.  Scenauios  varied  in  aircraft  t^pe,  intent, 
model,  number  of  adreraft  per  scenaurio,  range,  abject  angle,  aircraft  ingress 
azimuth,  duratioi  of  availability,  and  level  of  difficulty. 

ALL  <tota  were  collected  under  conditions  of  weapons  Control  Status 
Ti^t.  This  meant  that  soldiers  were  required  to  make  their  tactical 
identification  based  xpon  visuad  criteria  (e.g. ,  Soviet  aircraft  were  hostile, 
US  aiircraft  were  friendly) . 
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Each  trial  began  vhen  the  data  collector  gave  the  team  a  verioal  alerting 
message.  This  message  stated  that  air  activity  was  imninent  and  reminded  the 
team  of  their  weapons  Control  Status  (i.e.,  •'Fed!  Tight!”).  Ihe  data 
collector  verbally  signalled  the  end  of  a  trial  by  alerting  the  team  that  the 
current  air  attack  had  subsided  (”Ketum  to  condition  yellcw.”) .  Each  team 
was  instructed  in  the  discrete  trial  procedure  eatplcyed,  and  reminded  of  the 
trial-begin  and  trial-end  signals. 

Soldiers  conpleted  stress  ard  workload  questicnncdres  as  part  of  field 
testing.  The  stress  questionnaire  (Self-Evalmtion  Questionnaire, 

Spielberger,  1983)  was  administered  twice  during  eacdi  session — once  just  prior 
to  begimii^  and  agadn  just  after  finishing  each  session.  The  workload 
questionnaire  (TIX  Fating  Scales,  NASA-Ames,  1986)  was  administered 
iimediately  after  each  data  trial  Airing  both  MDPPO  and  MDPP4  sessicns. 
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Table  4 


Test  Scenario  Specifications 


Seen. 

No. 

A.C. 

Cl. 

Degrees 

KM 

Pres. 

Sec. 

Level  of 

No. 

Targ. 

IVpe 

Intent  Model 

Az. 

Aspect 

Fange 

Order 

Avail. 

Diff. 

01 

■I 

F 

AlO 

11 

45 

** 

MM. 

Medium 

02 

1 

FW 

F 

A7 

1 

45 

** 

•• 

Medium 

03 

1 

FW 

H 

Su25 

11 

45 

Medium 

04 

1 

FW 

H 

SU20/22 

1 

45 

** 

Medium 

05 

2 

Mix 

H 

SU25 

12 

0 

** 

Simul 

— 

High 

Mix 

H 

Mi24 

12 

90 

3.5* 

Sinul 

50 

High 

06 

1 

FW 

F 

um 

11 

270 

3.5* 

50 

low 

07 

1 

FW 

F 

Am 

12 

315 

3.5* 

50 

low 

08 

1 

F 

AH64 

1 

90 

3.5* 

50 

low 

09 

1 

FN 

H 

Mi28 

11 

315 

3.5* 

50 

Low 

10 

1 

FW 

H 

Mi24 

12 

90 

3.5* 

•• 

50 

low 

11 

1 

m 

H 

Mis 

1 

45 

3.5* 

50 

low 

12 

3 

FW 

F 

um 

11 

270 

3.5* 

Sinul 

100 

m^ 

FW 

F 

Am 

12 

315 

3.5* 

Sinul 

100 

Hi^ 

FW 

F 

AH64 

1 

90 

3.5* 

Sinul 

100 

High 

13 

3 

FW 

H 

Mi28 

11 

315 

3.5* 

Sinul 

100 

Hi^ 

FW 

H 

Mi24 

12 

90 

3.5* 

Sinul 

100 

Hi^ 

FW 

H 

Mis 

1 

45 

3.5* 

Sinul 

100 

High 

**  Target  beoanes  available  for  engagement  at  a  range  of  at  least  16 
kilometers.  Target  is  within  team's  search  sector  but  outside  visual 
detection  range.  Target  flies  an  ingressing  pattern  until  reaching  one 
kilometer  from  team,  then  turns  and  flies  back  tc  base. 

*  Target  rises  from  stations^,  defilade  position  to  become  available  for 
engagement,  hovers  for  predetermined  number  of  seconds,  then  returns  to 
defilade  position. 
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stinger  Baseline  (Sub-Experinent  1)  was  without  cuing  infomaticn.  Each 
team  was  responsible  for  searching  the  full  90  degree  sector  to  detect 
available  targets.  In  Stinger  Cuing  (Sub-E)g»rimait  2)  all  targets  in  all 
scenarios  were  visually  cued  as  to  nunher  (how  mary) ,  type  (IW  or  FW) ,  clock 
eusimuth  (11,  12,  or  1,  vhere  12  was  PTL),  and  range  (in  full-scale 
kiloneters) .  Targets  were  not  cued  as  to  identity.  Exanples  of  the  cuing 
displays  are  presented  in  Appendix  A  for  all  13  scenarios.  These  visual  cues 
were  presented  for  each  scenario  cn  a  trial-ty-trial  basis  coincident  with  the 
verbal  alert.  The  team  chief  examined  this  display,  cued  the  gunner,  and  both 
began  searching. 

The  cuing  displays  were  designed  to  be  consistent  with  the  screen  format 
enployed  in  the  Enhanced  HandHHeld  Terminal  t]hit  (EHIU)  currently  being 
developed  for  the  Forward  Area  Air  Defense  Omraand-Control  Intelligence  (FAAD 
C2I)  system  (TFW,  1990) .  The  IHIU  ;hen  fielded  in  (approximately)  1995  is 
ejqjec^  to  provide  precise,  accurate  cuing  information  for  FAAD  fire  units. 
The  sue,  format,  and  symbology  used  in  the  13  cuing  di^)lays  were  designed  to 
describe  eeich  of  the  13  scenarios  in  terms  consistent  with  the  1990  version  of 
the  BHIU.  The  cues  d^icted  the  Stinger  as  the  botx  symbol  in  the  center 
of  the  screen  di^lay.  Targets  were  the  "U"  symbols.  The  "U*'  stands  for 
••urikncwn*'  because  the  aqaerimental  conditions  forced  the  to  identic  each 
aircraft  visually  as  per  Weapons  OcntrcO.  Status  Ti^t.  The  "U”  symbols  with 
bars  above  them  represent  FW  aircraft.  Those  without  bars  r^xresent  IW 
aircraft.  The  straicht  lines  emerging  frcm  the  center  of  each  'TF'  represent 
aircraft  heading  and  ^)eed.  Img  lines  represent  fast  movers  eind  short  i  irva*; 
represent  slow  movers.  All  teams  vere  instructed  in  the  use  of  the  cues  and 
were  given  practice  with  feedback  before  data  trials  were  run.  All  teams 
found  the  graphic  di^lays  easy  to  understand  and  use. 

The  procedure  follcured  during  a  baseline  data  trial  was  this;  data 
collector  shouts  alert  red;  team  menbars  stand  up  and  take  their  positions— 
gunner  shoulders  Stinger  while  chief  searches  sector  for  aircraft;  \:pon 
detection  of  aircraft,  team  performs  standard  tactical  engagement  segu^ioe 
including  team  chief  ising  binoculars  to  identify  ainrraft — if  a  Tnult-jpTo 
target  scenario,  the  engagement  secpence  is  repeated  anew  for  each  target; 
team  searches  sector  for  aircraft  until  data  collector  shouts  reduced  alert 
status  yellcw;  gunn^  then  returns  Stinger  to  rack;  team  msmbers  return  to 
seats  at  weapOT  positioi— sitting  with  their  backs  to  the  range  between 
trials;  and  finally,  team  chief  and  gunner  ccnplete  workload  questicnnciire  for 
tte  teial  just  ccopleted.  The  procedure  followed  during  a  cuing  data  trial 
was  identical  exc^rt:,  as  noted  above,  visual  were  presented  at  the  i-imo 
of  the  verbal  alert. 

The  design  of  this  experiment  was  a  mixed  factorial  with  two  levels  of 
the  M3PP  factor  (0  and  4)  and  two  levels  of  the  cuing  factor  (no  and 
cues) .  The  WDPP  factor  was  a  within  subjects  manipulation—with  all 
participants  receiving  both  the  MDPPO  and  the  MDPP4  additions.  The  cuing 
factor  was  a  between  subjects  mvanipulation— with  all  participants  in  Sub- 
Ejgjeriment  l  (Baseline)  receiving  the  no  cues  conditicn  and  all  participants 
in  Sub-Ejqjeriment  2  (Cuing)  receiving  the  cues  ccnditicai. 
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Hypotheses 


Air  Aafprtjgo  engagement  tasks  uere  expected  to  be  performed  less  well 
under  oonditicns  of  MDPP4,  vSien  ccnpared  to  tiie  MDPPO  conditions.  These  same 
er^agement  tasks  were  expected  to  be  perfonned  better  \«hen  cuing  information 
was  provided  than  ;«Aien  no  cues  were  present.  The  addition  of  the  cuing 
informaticxi  was  hypothesized  to  reduce  at  least  sene  of  the  degradation  in 
performance  lost  to  MDPP4  in  the  uncued,  baseline  condition. 

Participants  were  expected  to  report  greater  stress  during  the  MDPP4 
conditions,  when  cenpared  to  the  MDPPO  conditions.  Participai^  were  eilso 
expected  to  report  greater  workload  during  oenditiens  of  wearing  MDPP4.  The 
measures  of  visual  sensitivity  were  expected  to  correlate  systanatically  with 
measures  of  the  team  chief's  detection  and  identificaticai  performance. 


Results 


Engagement  Performance 

Data  for  fixed-wing  Task  Performance  Measures  (e.g. ,  detection  range, 
identification  range,  etc.)  were  aggregated  across  PW  scenarios  (Scenarios  1, 
2,  3,  4,  and  the  FW  portion  of  5)  for  each  condition  for  each  team.  Data  for 
r^.ary-wlng  Task  Performance  Meas>ires  (e.g. ,  time  frm  target  available  to 
detect,  time  frea  detect  to  IFF,  etc.)  were  aggregated  across  PN  scenarios 
(Scenarios  6,  7,  8,  9,  10,  11,  and  the  first  PW  detected  in  Scenarios  12  and 
13)  for  each  condition  for  each  team.  Scores  for  each  Task  Pterformance 
Measure  were  aggregated  across  similar  soaiarios  (either  FH  or  SS>0  by  taking 
the  eurithmetic  mean  of  the  engagement  measures  recorded  in  RTS. 

Sunmary  Iterformance  Measures  (e.g.,  percent  aircraft  detected,  percent 
aircraft  correctly  identified,  etc.)  were  calculated  over  relevant  scenarios 
for  each  condition  for  each  team.  For  example,  FW  percent  adrexaft  detected 
was  calculated  over  Scenarios  1,  2,  3,  4,  and  tiie  FW  portion  of  5.  PW  percent 
aircraft  detected  was  calculated  over  Scenarios  6,  7,  8,  9,  10,  11,  12,  and 
13.  For  another  example,  FW  percent  friendly  fratricide  was  cadculated  over 
Scenarios  1  and  2.  PW  percent  friendly  fratricide  was  calculated  over 
Scenarios  6,  7,  8,  and  12.  For  SHfe  (but  not  TIMs)  all  three  PW  targets  in 
Soeraricas  12  and  13  were  included. 

Engagement  performance  was  analyzed  by  a  mixed  twg  factor  Analysis  of 
Variance  (AMDVA) .  The  within  subjects  factor  was  HDPP  level.  The  between 
subjects  factor  was  presence  or  absence  of  aies.  One  such  mivtad  anova  was 
perfonned  for  each  of  the  measures  of  engagenent  performancs  using  the 
SPSS/PO  Advanced  Statistics  software  package  (Norusis,  1986,  pps.  B153-B181) . 
The  effect  of  cuing  was  tested  against  befawocn'  subjects  vari^ility,  while 
both  the  MDPP  effect  and  the  cuing  by  MDPP  interaction  effect  were  tested 
against  vithin-subjects  variability.  Due  to  the  relatively  small  samples 
collected  plus  the  notoriously  large  variability  cannon  to  applied  field 
research,  alpha  probabilities  as  high  as  ten  percent  will  be  reported  for  the 
engagement  performance  results. 
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Data  presented  in  tables  are  the  arithmetic  mean  (Mean) ,  the  standard 
deviation  (SS)  >  and  the  nuniber  (N)  of  data  points  (i.e. ,  the  number  of  teams) 
viiicdi  these  descriptive  statistics  are  based.  It  will  be  noted  tiiat  the 
nuntoer  of  data  points  for  FW  targets  is  smaller  than  the  number  for  PW 
targets.  Ihis  is  because  techniccd  difficulties  with  the  PIS  prevented  sate 
fran  being  given  the  FW  scenarios.  Ito  mate-i^s  were  possible  due  to  the 
ti^it  schedule  of  testing. 

Itesults  for  fixed-wim  aircraft;  TFMs.  Task  Perfonnance  Measures  are 
presented  in  Tables  5  throu^  11  ty  d^endent  variable.  Generally,  the 
greater  the  incaning  ranges  the  better  the  performance.  Positive  ranges  are 
iixxxning;  negative  ranges  are  aitgoing.  Table  5  presents  detection  range  as  a 
function  of  MDPP  level  and  presence  or  absence  of  cues.  Aircraft  were 
detected  at  significantly  greater  range  under  conditions  of  MDPPO  (7.59 
kilometers)  than  \mder  oonditicns  of  MDPP4  (6.74  3dlcrieters)  (Z(lf  20)  *  3.18, 
2<.10].  Aircraft  were  also  detected  at  significantly  greater  range  Airing  the 
cue  condition  (7.76  kilorneters)  than  during  the  no  cue  condition  (6.57 
kilometers)  [Z(l,  20)  =  9.99,  pc.Ol].  Ihere  was  no  interaction  betweao  MOPP 
level  and  presence  or  absence  of  cues  [F(l,  20)  =  0.62,  E>. 10]. 


Table  5 

Detection  Pange  in  Kilometers  for  Fixed-Wing  Aircraft  by  Conditions 


Statistic 

No  Cue 
MDPPO 

No  Cue 
1CPP4 

Cue 

MDPPO 

Cue 

MDPP4 

Mean 

6.80 

6.33 

8.37 

7.15 

0.81 

0.84 

1.71 

1.45 

8 

8 

14 

14 

Note.  Pcsitive  ranges  are  incoming. 


Table  6  presents  the  range  at  IFF  as  a  function  of  MDPP  level  and  cue 
condition.  Aircraft  were  interrogated  at  significantly  greater  range  under 
conditions  of  MOPPO  (6.83  kilometers)  than  under  conditions  of  MDPP4  (5.66 
kilometers)  [£(1,  20)  =>  2.96,  e<.10].  Aircraft  were  also  interrogated  at 
significantly  greater  range  during  the  cue  ccaidition  (7.42  kilometers)  than 
during  the  no  cue  condition  (5.07  kilometers)  [F(l,  20)  =  7.03,  2<.05]. 

Again,  there  was  no  interaction  between  MDPP  lev^  and  presence  or  absence  of 
cues  [£(1,  20)  =  0.01,  fi>.10]. 
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Table  6 


IFF  Range  in  Kilcroeters  for  Fixed-Wing  Aircrzift  by  Oonditicais 


Statistic 

No  Cue 
M3PP0 

No  Cue 
MDPP4 

Cue 

MDFPO 

cue 

MDPP4 

Mean 

5.61 

4.53 

8.05 

6.79 

SQ 

4.43 

2.51 

1.46 

2.00 

M 

8 

8 

14 

14 

Note.  Positive  ranees  are 

inceming, 

Table  7  presents  weapon  acquisition  range  for  the  aircraft  as  a  function 
of  M3PP  level  and  cue  oonditicn.  There  was  no  statistically  significant 
effect  of  ICPP  level  upon  acquisition  range  [£(1,  20)  =  0.50,  p>.10]. 
Acquisition  range  was  significantly  greater  during  the  cue  condition  (4.53 
kilcroeters)  than  during  the  no  cue  cenditien  (1.55  kilcroeters)  [F(l,  20)  = 
8.36,  E<.01].  Tliere  was  no  interaction  between  MDPP  level  and  cue  condition 
(Z(l,  20)  =  0.21,  E>.10]. 

Table  7 

6 

1 

in  Kilcroeters  for  Fixed-Wing  Aircraft  by  Conditions 

Statistic 

No  cue 
MDPPO 

No  Cue 
M3PP4 

cue 

MOPPO 

cue 

M3PP4 

Mean 

2.04 

1.07 

4.63 

4.42 

§D 

3.26 

2.88 

3.58 

2.12 

8 

8 

14 

14 

Nuce.  Positive  ranges  are  inocning. 


Table  8  presents  identificaticn  range  as  a  function  of  MDPP  level  and 
cue  ccndition.  Aircraft  were  identified  at  significantly  greater  range  under 
conditioTS  of  JOPPO  (2.61  kilcroeters)  than  laider  oonditicns  of  MDPP4  (0.45 
kilcroeters)  [£(1,  2C)  =  10.22,  e<.01].  Aircraft  were  adso  identifi^  at 
significantly  greater  range  during  the  cue  condition  (2.45  kilcroeters)  than 
during  the  no  cue  ccrdition  (0.61  kilcroeters)  [F(l,  20)  =>  8.02,  e<.01]. 

Again,  there  was  no  interacticn  between  WDPP  level  and  cue  oondition  [F(l,  20) 
=  0.51,  E>.10]. 
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Table  8 


Identification  Range  in  Kiloneters  for  Fixed-Wing  Aircraft  by  CSanditicns 


Statistic 

No  Cue 
MDPPO 

No  Cue 
M3PP4 

Cue 

MDPPO 

Cue 

MDPP4 

Mean 

1.45  ■ 

-  0.22 

3.77 

1.13 

SB 

2.33 

2.00 

2.01 

2.15 

N 

8 

8 

14 

14 

Note.  Positive  ranoes  are 

incoming;  negative  ranges  are  outgoing. 

Table  9  presents  the  range  at  weepcn  lodc-on  as  a  function  of  MDPP  level 
and  presence  or  absence  cf  cues.  There  was  no  effect  of  MDPP  level  on  lock-on 
range  [Z(l»20)  =  0.04,  e>.10].  lock-on  was,  however,  performed  at  a 
significanUy  greater  range  in  the  cue  condition  (1.53  kiloneters)  than  in  the 
no  cue  condition  (-  0.97  kiloneters)  [F(l,  20)  =  8.43,  2<.01].  There  was  no 
interactioi  between  MDPP  and  cuing  [Z(l,  20)  =  0.22,  ^>.10]. 

Table  9 

lock-On  Range  in  Kiloneters  for  Fixed-Wing  Aircraft  by  Conditions 

Statistic 

No  cue 
MDPPO 

No  cue 
MDPP4 

Cue 

MDPPO 

Cue 

MDPP4 

Mean 

-  1.07 

-  0.86 

1.77 

1.29 

SD 

3.04 

2.15 

2.81 

2.19 

8 

8 

14 

14 

Note.  Positive  ranges  are  inocroing;  negative  ranges  are  outgoing. 


Tfeible  10  presents  the  range  at  fire  as  a  function  of  M3PP  conditions  and 
cue  conditions.  There  was  no  statistically  significant  effect  of  MDPP  upon 
fire  range  CF(1,  20)  ®  0.55,  e>*103*  Fii^  performed  at  a  significantly 
greater  range  during  the  cue  condition  (0.55  kiloneters)  than  during  the  no 
cue  condition  (-  1.85  kilccieters)  [Z(l,  20)  =  8.69,  e<.G1].  Again,  there  was 
no  interaction  between  MOPP  level  and  cue  oonditicn  [F(l,  20)  =  0.34,  E^.IO]. 
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Table  10 


Fire  Range  in  Kilaneters  for  Fixed-Wing  Aircraft  by  Ocnditions 


Statistic 

No  Cue 
MDPPO 

No  Cue 
M3PP4 

cue 

MDPPO 

Cue 

MDFP4 

Mean 

-  1.79 

-  1.91 

1.06 

0.04 

m 

3.31 

2.00 

2.89 

1.83 

H 

8 

8 

14 

14 

ffate.  Positive  ranoes  are  inccsaina;  neqative  ranges  are  outgoing. 

Itible  11  presents  the  percentage  of  the  total  possible  tracking  time 
interval  that  the  gunner  was  actually  traoking  the  target  by  conditions  of  the 
experiment.  There  was  no  statistically  significant  effect  of  either  MOPP 
level  [£(1,  20)  =  0.60,  £>.10]  ca:  cuing  [Z(l»  20)  =  0.22,  ^.10].  There  was 
no  interaction  between  MDPP  and  cuing  [F(l,  20)  =  0.37,  £>.10]. 

Table  11 

Percent  of  Total  Tracking  Time  cm 

Target  for  Fixed-Wing  Aircraft  by  Conditions 

Statistic 

No  cue 
MDPPO 

No  Cue 
MDPP4 

Cue 

MDPPO 

Cue 

MDPP4 

Mean 

75.25 

77.00 

73.21 

88.07 

SQ 

34.21 

37.10 

33.50 

27.53 

H 

8 

8 

14 

14 

'ibe  effects  of  MOFP  level  and  cuing  vpan  Task  Perfozinance  Measures  can 
be  seen  clearly  >*ien  presented  graphically.  Figures  1  throu^  4  display  the 
JW  aircraft  ranges  for  selected  engagement  events.  Figure  1  displays  the 
results  for  all  conditions  of  the  experiment.  Figures  2  throu^  4  display 
critical  subsets  of  these  results,  and  thereby  hi^hlit^t  key  effects  iirplicit 
in  the  analyses  described  above. 
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Figure  2  showa  the  results  of  the  MDPPO  versus  MDPP4  cxatparison  summed 
over  the  no  (xndition  (Sui>-E>gDeri3nent  1)  and  the  cue  ocaidition  (Sub- 
Kxppriwpnt-  2) .  Over  all  six  engagement  actions  (detection  through  fire) ,  the 
mean  difference  in  perfomance  was  0.91  kilcoeters  favoring  MDPPO.  Ihe 
largest  difference  was  for  identification  vAiere  MOPPO  was  superior  by  2 . 16 
kilometers. 

Figure  3  shows  the  results  of  the  cccpariscn  between  the  no  cue 
condition  arjd  the  cue  condition  sunroad  over  MSPO  and  M)PP4.  Over  all  six 
engagement  actiois,  the  cue  condition  was  superior  by  a  mean  range  of  2.21 
kilometers. 

Figure  4  presents  a  oocparison  between  the  no  cue  condition  of  MDPPO  and 
the  cue  condition  of  MDPP4.  Ihe  MDPP4  condition  in  t±iis  conpariscai  was 
superior  to  the  M3PP0  condition  in  five  of  the  six  engagement  actions  by  a 
mean  range  of  1.62  kilometers.  Figure  4  is  useful  because  it  quantifies  the 
extent  to  which  adding  cues  alleviated  the  degradation  due  to  MDPP4  for  these 
soldiers  in  these  FW  scenarios. 

T?p«aiit-<s  for  fixed-wincr  aircraft;  SPMs.  Fixed-wing  Suranary  Performance 
Measures  and  associated  analyses  will  only  be  presented  in  detail  where  there 
were  statistically  significant  results.  Ihe  mean  overall  percentage  of 
aircraft  detected  was  99.37.  The  mean  ou’eredl  percentage  of  aircraft 
correctly  identified  (hostile  plvis  friendly)  was  56.49.  The  mean  overall 
percentage  of  hostile  aircraft  correctly  identified  was  63.59. 

Table  12  shows  percent  friendly  aircraft  oorrectly  identified  as  a 
function  of  MDPP  level  and  presence  or  absence  of  cues.  The  correct 
identification  rate  was  significantly  higher  under  the  MDPPO  oonditicn 
(58,48%)  than  under  MDPP4  (39.73%)  (1(1,  20)  »  3.37,  B<.10].  There  was  no 
effect  of  cues  (£(1,  20)  *»  0.02,  E>*10]»  and  no  interaction  between  MDPP  lefvel 
and  condition  of  cuing  [£(1,  20)  »  0.37,  £>.10). 


Table  12 

Fixed-Wing:  Percent  Friendly  Aircraft  Correctly  Identified  by  Conditions 


Statistic 

No  cue 
MDPPO 

No  Cue 
MDPP4 

cue 

MDPPO 

cue 

NDPP4 

Mean 

56,25 

13.75 

60.71 

35.71 

17.68 

17.68 

34.96 

45.69 

8 

8 

14 

14 
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Figure  2.  Range  of  engagement  actions  for  fixed-wing  targets: 
MOPPO  versus  M0PP4  (summed  over  both  conditions  of  cuing). 


Figure  3.  Range  of  engagement  actions  for  fixed-wing  targets; 
No  cue  versus  cue  (summed  over  both  conditions  of  MOPP). 
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Figure  4.  Range  of  engagement  actions  for  fixed-wing  targets 
No  cue  MOPPO  versus  cue  M0PP4. 


Table  13  displays  hcjstile  aircraft  attrition  aggregated  over  MDPP 
conditions  and  cue  conditions.  There  was  no  statistically  significant 
difference  in  attrition  between  MDPPO  and  IDPP4  [£(1,  20)  =  0.20,  £>.10] . 
Attrition  was,  however,  significantly  greater  vhen  cues  were  presented 
(57.14%)  than  viien  no  cues  were  presented  (32.31%)  [F(l,  20)  =  3.13,  £<.10]. 
There  was  no  interaction  between  M3PP  and  cuing  [F(l,  20)  =  0.20,  £>.10]. 


Table  13 

Fixed-Wing:  Percent  Hostile  Aircraft  Attrition  by  Conditions 


Statistic 

Mb  Cue 
M3PP0 

No  Cue 
M3PP4 

cue 

MDPPO 

cue 

H3FP4 

Mean 

27.13 

37.50 

57.14 

57.14 

SD 

30.89 

37.62 

44.24 

43.73 

E 

8 

8 

14 

14 

The  lean  overall  fratricide  rate  was  26.79  percent.  The  mean  overall 
percentage  of  hostile  eiircraft  credited  as  destroyed  ("killed")  prior  to 
ortnance  release  was  13.90.  (The  ordnance  release  point  for  hosti’.2  FW 
aircraft  was  defined  as  two  kilciaeters  froa  the  weapon  position.  Killing  an 
aircraft  prior  to  ordnance  release  was  defined  as  firing  early  enou^  in  the 
engagement  .qeqiH?noe  to  edlcw  the  missile  time  to  interoqrt:  the  flight  path  of 
the  aircraft  prior  to  the  inccndng  aircraft  reaching  the  two  kilcraetur" point.) 
The  mean  overall  conditional  probabili'^  of  a  kill  given  fire  was  58.01 
percent. 


Results  for  rot<>rv-wlncr  aircraft:  TTWs.  Task  Performance  Measures  are 
presented  in  Tables  14  through  21  by  dependent  variable.  Generally,  the 
shorter  the  engagement  times  the  better  the  performance.  Table  14  presents 
the  time  from  target  avciilable  to  detect  as  a  function  of  MDPP  level  and 
preserce  or  absence  of  cues.  There  were  no  statistically  significant 
differences  in  detection  times  for  M3PP  level  [£(1,  25)  *  2.58,  £=.12]  or 
[£(1,  25)  =  0.03,  £>.10],  and  no  interaction  between  the  two  [£(1,  25)  =  2.16, 
£>.10]. 


Table  14 


Time  ftan  Target  Available  to  Detection  in  Seooncis  for  Potary-Wing  Aircraft  by 
Conditions 


Statistic 

No  Cue 
MDPPO 

No  Cue 
MDPP4 

Cue 

ICPPO 

Cue 

M3PP4 

Mean 

7.00 

8.50 

7.59 

7.65 

SD 

0.82 

2.37 

2.40 

2.55 

10 

10 

17 

17 

Table  16  di^lays  the  tine  feon  target  detection  to  IFF  interrogation  by 
conditions  of  the  ejgeriment.  Ihere  were  no  statistically  significant 
differences  in  IFF  times  for  conditions  of  M3PP  [F(l,  24)  =  1.97,  E>.10].  IFF 
times  were,  however,  significantly  shorter  during  the  cue  condition  (2.65 
seconds)  than  during  the  no  cue  condition  (4.45  seconds)  [F(l,  24)  =  6.01, 
2<.05].  Ihere  was  no  MOPP  by  cuing  interaction  [F(l,  24)  =  0.21,  £>.10]. 
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Table  16 


Time  fran  Detec±iai  to  IFF  in  Seconds  for  Itotary-Wing  Aircraft  by  Cfcnditions 


No  Cue 

Statistic  MDPPO 

NO  Cue 
MDPP4 

Cue 

MDPPO 

cue 

MDPP4 

Mean  3.90 

5.00 

2.37 

2.94 

§D  2.77 

3.53 

1.35 

2.02 

H  10 

10 

16 

16 

Table  17  presents  the  time  fran  detection  to  weapon  acquisition  as  a 
function  of  MDPP  level  and  condition  of  cuing.  There  was  a  statistically 
significant  interaction  between  MDPP  and  cuing  [F(l,  24)  *  5.84,  e<.05]. 
Acquisition  time  was  substantially  longer  for  MDPP4  in  the  no  cue  condition 
(accounting  for  the  significant  main  effect  of  MDPP,  [F{1,  24)  =  5.26,  e<.05], 
vAiile  in  the  cue  condition  there  was  essentially  no  difference  between  MDPPO 
and  MDPP4.  Acquisition  times  were  shorter  in  the  cue  condition  (7.31  seconds) 
than  in  the  no  cue  condition  (10.80  seconds)  tZ(l,  24)  =  4.09,  b<.05]. 


Table  17 

Time  fran  Detection  to  Weapon  Acquisition  in  Seconds  for  Rotary-Wing  Aircra.ft 
by  Conditions 

Statistic 

No  Cue 
MDPPO 

No  cue 
MDPP4 

Cue 

MDPPO 

Cue 

MDPP4 

Mean 

8.40 

13.20 

7.37 

7.25 

§D 

3.78 

7.48 

4.06 

4.51 

10 

10 

16 

16 

Table  18  shows  the  time  from  weapon  acquisition  to  loc3c-on  by  conditions 
of  the  experiment.  Lock-on  times  were  significantly  longer  while  wearing 
MDPP4  (5.33  seconds)  than  while  in  MDPPO  (3.77  seconds)  (£(1,  24)  =  3.09, 
£<•10].  There  were  no  statistically  significant  differences  as  a  function  of 
cuiiTg  [Z(l»  24)  =  0.47,  E>.10].  Also,  there  was  no  MDPP  ty  cuing  interaction 
[1(1/  24)  =  2.35,  E>-10]. 


Table  18 


Time  from  Wtec^xan  Acxjiisition  to  Locdc-On  in  Seconds  for  Rotary-Wing  Aircraft  by 
Conditions 


Statistic 

No  Cue 
MDPPO 

No  cue 
MDPP4 

Cue 

MDPPO 

Cue 

MDPP4 

Mean 

3.90 

4.10 

3.63 

6.56 

SB 

4.31 

4.61 

3.34 

5.55 

H 

10 

10 

16 

16 

Table  19  displays  the  from  lock-on  to  fire  as  a  function  of  MDPP 
level  and  presence  or  absence  of  cues.  Times  were  significantly  longer  for 
the  M3PP4  condition  (3.83  seconds)  than  during  the  MDPPO  condition  (2.75 
seconds)  [F(l,  24)  =  19.29,  E<.001].  Times  were  significantly  shorter  for  the 
cue  condition  (2.69  seconds)  than  for  the  no  cue  condition  (3.90  seconds) 

(£(1,  24)  =  5.52,  p<.05].  Ihere  was  no  interaction  between  MDPP  level  and 
cuing  [F(l,  24)  =  1.76,  E>.10]. 


Table  19 

Time  from  Imck-On  to  Fire  in  Seconds  for  Rotary-Wing  Aircraft  by  Conditions 

Statistic 

No  Cue 
MDPPO 

No  cue 
MDPP4 

Cue 

MDPPO 

Cue 

MDPP4 

Mean 

3.20 

4.60 

2.31 

3.06 

SB 

1.40 

2.17 

0.87 

1.29 

1! 

10 

10 

16 

16 

Table  20  presents  the  time  from  identification  to  fire  as  a  function  of 
MDPP  level  and  presence  or  absence  of  cues.  Times  were  significantly  longer 
for  the  MDPP4  oonditicn  (9.07  seconds)  than  for  the  MDPPO  condition  (5.89 
seconds)  [£(1,  24)  =  5.26,  2<.05].  There  were  no  statistically  significant 
differences  in  times  as  a  function  of  cuing  [£(1,  24)  =  1.81,  E>.10].  Neither 
was  there  an  interaction  between  MDPP  level  and  presence  or  absence  of  cues 
[£(1,  24)  =  0.65,  E>«10]. 
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Table  20 


Time  fron  Identification  to  Fire  in  Seconds  for  Potary-Wing  Aircraft  by 
Ctonditions 


Statistic 

No  Cue 
M3PP0 

No  Cue 
MDPP4 

Cue 

MDPPO 

Cue 

M3PP4 

Mean 

6.40 

10.70 

5.37 

7.44 

SD 

3.50 

7.33 

2.47 

6.50 

N 

10 

10 

16 

16 

Table  21  presents  the  cumulative  time  of  the  engagement  from  detection 
to  fire  by  conditions  of  the  experiment.  Times  were  significantly  longer  in 
the  MDPP4  condition  (19.11  seconds)  than  in  the  MDPPO  condition  (14.03 
seconds)  [F(l,  24)  =  9.52,  pc.Ol].  There  were  no  statistically  significant 
differences  in  times  eis  a  function  of  cuing  [Z(l,  24)  =  1.56,  e>.10].  Also, 
there  was  no  MDPP  level  by  condition  of  cuing  interaction  [£(1,  24)  =  0.15, 
£>•10] . 


Table  21 

Time  fron  Detection  to  Fire  in  Seconds  for  Potary-Wing  Aircraft  by  Conditions 

No  cue 

No  cue 

Cue 

Cue 

Statistic 

MDPPO 

MDPP4 

MDPPO 

MDPP4 

Mean 

15.20 

20.90 

12.87 

17.31 

SD 

3.97 

10.74 

3.44 

8.55 

H 

10 

10 

16 

16 

Sunnarizing  the  results  presented  in  Ihbles  14  throu^  21  it  can  be  seen 
that  engagement  actions  required  more  time  to  be  performed  in  M3FP4.  Of  the 
16  M3FP0  versus  M3FP4  conparisons  di^layed  in  the  tables  (8  TFMs  x  2 
conditions  =  16) ,  15  (94%)  resulted  in  longer  M3PP4  times.  Of  the  eight 
statistical  tests  of  the  MOPE^level  differenoes  in  performance  (one  test  each 
for  eight  TTMs) ,  six  (75%)  met  the  criterion  for  statisticcd  significance — and 
one,  availability  to  detection,  epproached  the  criteria!. 
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These  differences  can  be  seen  clearly  %4ien  the  results  are  presented 
graphically.  Figure  5  displays  the  MDPPO  versus  M3PP4  conparisons  for  all 
ei^t  TIMS  summed  over  both  Sub-Experiment  1  (no  cue)  and  Sub-Ebqperiinent  2 
(cue) . 

SuOTiEudzing  over  Tables  14  throu^  21  there  vere  16  cue  wrsus  no  cue 
ccnparisons  (8  TTMs  x  2  conditions  =  16) .  Twelve  (75%)  of  these  octparisons 
resulted  in  shorter  times  for  the  cue  condition.  Of  the  ei^t  statistical 
tests  of  the  cue  versus  no  cue  differences  in  performance  (one  test  each  for 
ei^t  TTMS),  three  (37.5%)  met  Ihe  criterion  for  statistical  significance. 
Clearly,  the  effect  of  cues  served  to  reduce  some  engagement  times.  The  cuing 
effect,  however,  was  not  so  pronounced  as  that  of  MOEP.  These  results  are 
presented  graphically  in  Figure  6. 

The  reduction  in  the  baseline  <^ecranent  produced  by  the  cue  condition  is 
displayed  graphically  in  Figure  7.  This  figure  presents  all  ei^t  engagement 
action  times  for  the  no  cue  MDPPO  condition,  the  no  cue  MDPP4  condition,  and, 
for  ccnparison,  the  cue  M3PP4  condition.  Itote  that  the  cued  condition  of 
IOPP4  required  less  time  than  the  uncued  condition  of  M0PP4  for  six  of  the 
ei^it  engagement  actions.  Over  the  engagement  sequence  fran  detection  to 
fire,  the  cued  condition  of  MDPP4  was  shorter  than  the  uncued  condition  of 
MDPP4  by  3.59  seconds — a  reduction  of  the  baseline  decrement  hy  63  percent 
[fron  Table  21;  No  Cue  M3EP4  -  No  Cue  1CIT>0  =  5.70  (baseline  decxenent) ;  Cue 
10PP4  -  NC  Qje  WDPPO  =  2.11;  5.70  -  2.11  =  3.59  (redixticn  in  baseline 
decrement) ;  3.59  /  5,70  =  0.63  (proportion  of  baseline  decrement  reduced)]. 
Figure  7  is  useful  because  it  quaaitif  ies  the  extent  to  vhich  adding  cues 
alleviated  the  degradation  due  to  MDPP4  for  these  soldiers  in  these  KW 
scenarios. 

Perhaps  a  clear^  method  for  presenting  the  rotary-wing  engagement  t-iiwac; 
is  to  examine  the  entire  engagement  sequence  in  of  four  critical 

(c.f. ,  Johnson,  terber;  &  lockhaudi,  1988):  Target  available  to  detect,  detect 
to  identic,  identify  to  fire,  and  the  total  time  from  t2urget  available  to 
fixe.  The  mean  times  for  these  periods  are  presented  in  Table  22. 


Table  22 


Botary-Wing;  Mean  Time  in  Seconds  for  Critical  Engetgement  Periods  by 
Conditions 


Period 

Nb  Cue 
M3PP0 

No  cue 
lf)PP4 

Cue 

MOPPO 

Cue 

1  >PP4 

Av.  to  Detect 

7.00 

8.50 

7.59 

7.65 

Detect  to  ID 

9.00 

10.90 

9.53 

10.94 

ID  to  Fire 

6.40 

10.70 

5.37 

7.44 

Av.  to  Fire 

22.40 

30.10 

22.49 

26.03 
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Engagement  Actions 

^  MOPPO  g  M0PP4 

Figure  6.  Time  to  perform  engagement  actions  for  rotary-wing 
targets:  WIOPPO  versus  IVIOPPA  (summed  over  both  cue  conditions). 


Figure  6.  Time  to  perform  engagement  actions  for  rotary-wing 
targets:  No  cue  versus  cue  (summed  over  both  MOPP  conditions) 


Figure  7.  Time  to  perform  engagement  actions  for  rotary-wing 
targets:  Effect  of  cuing  on  reduction  of  baseline  M0PP4  decrement. 


The  results  presented  in  this  table  show  that  wearing  MDPP4  increases 
the  duration  of  the  engagement  seqi^nce  during  all  critical  period  for  the 
baseline,  no  cue  Sub-Ejqjeriment  1.  The  mean  time  fron  target  available  to 
detect  was  increased  ty  1.50  seconds.  After  the  target  had  been  detected,  the 
mean  to  identify  the  target  was  increased  by  1.90  seconds.  After  the 
target  had  been  detected  and  identified  as  hostile,  the  mean  time  to  fire  was 
increased  ly  4.30  seconds.  This  means  that  after  the  team  chief  had 
ccnpletely  finished  his  part  of  the  engagement  seqijence  and  had  ordered  the 
gunner  to  fire  cn  a  target  which  was  havering  within  range,  the  MDPP4- 
encimibered  gunner  retjiired  an  additional  4.30  secxnds  to  fire  not  recjuired  by 
the  gunner  while  in  MDPPO.  The  mean  time  for  a  ccnplete  eng^ement 
(available  to  fire)  was  Icsnger  by  7.70  seconds  for  the  1CPF4  (oonditim.  This 
is  the  difference  between  engagement  times  vhich  approach  acceptability  and 
engagement  which  are  unacxaptably  long  (for  a  discussicxi  of  Stinger 

training  standartSs  see  Barber,  1990b;  Drewfs  &  Barber,  1990) . 

The  results  presented  in  Table  22  also  shew  that  for  the  entire 
available-to-fire  pericxi  the  cue  condition  of  M0PP4  was  4.07  seconds  shelter 
than  the  cccparable  no  condition  of  MDPP4--a  reduction  of  the  baseline 
M3EP4  decrement  by  53  percent  [NO  Cue  M0PP4  -  NO  Cue  MOPPO  =  7.70  (baseline 
decrement) ;  Cue  M3PP4  -  No  Cue  M3PP0  -  3.63;  7.70  -  3.63  =*  4.07  (reduction  in 
baseline  decrement) ;  4.07  /  7.70  =  0.53  (proportion  of  baseline  decrement 
reciuoed)  ] . 

In  addition,  two  special  Task  Performance  Measures  were  analyzed — one 
each  for  Scenarios  12  and  13.  These  are  measures  of  the  total  time  in  secxnds 
from  target  availability  until  the  last  action  was  performed  cn  the  third 
target.  That  is,  each  of  these  measures  represents  the  total  time  taken  to 
service  eill  three  simultaneous  rotary-wing  edreraft.  It  was  lypothesized  that 
this  ’•time  from  available  to  last  act"  would  be  longer  for  the  M3PP4  condition 
and  shorter  for  the  cue  condition. 

Table  23  presents  the  time  from  available  to  last  act  for  Scenario  12 
for  the  conditions  of  the  experiment.  Times  were  significantly  longer  in  the 
M0FP4  condition  (49.83  seconds)  than  in  the  M3FP0  condition  (42.67  seconds) 
[£(1,  22)  =  3.93,  2<.10].  There  was  no  effect  of  cuing  (£(1,  22)  =  0.01, 
j^.lO]  and  no  MDPP  by  cuing  interaction  [F(l,  22)  =  0.24,  j^.lO). 


Table  23 

Scenario  12:  Time  from  Available  to  Last  Act  in  Secxnds  by  Conditions 


Statistic 

No  cue 
MDPPO 

No  Cue 
M3PP4 

cue 

MDPPO 

Cue 

MDPP4 

Mean 

43.70 

49.10 

41.64 

50.57 

SB 

14.91 

14.06 

11.84 

9.95 

10 

10 

14 

14 

39 


Table  24  di^lays  the  time  fran  available  to  last  act  for  Scenario  13 
for  the  conditions  of  the  experiment.  Ihere  were  no  statistically  significant 
differences  for  MDPP  [F(l,  22)  =  1.44,  e>.10]  or  cuii^  [F(l,  22)  =  1.40, 
E>.10],  and  no  interaction  between  the  two  [£{1,  22)  =  0.96,  e>.10]. 


Table  24 

Scenario  13:  Time  fron  Available  to  Last  Act  in  Seocaids  by  Conditions 


Statistic 

No  Cue 
MDPPO 

No  Cue 
MDPP4 

cue 

MDPPO 

Cue 

MDPP4 

Mean 

54.90 

60.60 

51.57 

52.14 

SD 

10.43 

13.98 

12.89 

15.79 

E 

10 

10 

14 

14 

for  rot£trv-vina  aircraft:  SRfe.  Rotary-wing  Summary 
Performance  Measures  and  associated  analyses  will  only  be  presented  in  detail 
vbere  there  were  statisticadly  significzmt  results.  Ihe  meeui  overall 
percentage  of  aircxaft  detected  was  98.88.  Ihe  mean  overall  percentage  of 
aircraft  correctly  identified  (hostile  plus  friendly)  was  70.83.  The  mean 
overall  percentage  of  friendly  aircraft  correctly  identified  was  58.71.  The 
overall  mean  fratricide  rate  was  35.63  percent. 

Table  25  presents  the  percent  hostile  aircraft  correctly  identified  by 
conditions.  There  was  no  statisticedly  significant  effect  of  MDPP  level  [Z(l, 
25)  =  0.07,  E>.10].  There  was  a  significant  decrease  in  performance  as  a 
function  of  cuing  [£(1,  25)  =  3.84,  g<.10),  with  the  percentcige  for  the  cued 
conditicn  (74.91)  being  lower  than  that  for  the  no  cue  ccnditicai  (90.00) . 

This  result  ran  opposite  to  the  hypothesis  stated  above  and  could  not  be 
explained.  There  was  no  interaction  between  MDPP  and  cuing  [£(1,  25)  =  0.05, 
E>.10]. 
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Te-ble  25 


Rotary-Wing:  Percent  Hostile  Aircraft  Correctly  Identified  by  Conditions 


Statistic 

NO  Cue 
MDPPO 

No  Cue 
ICPP4 

Cue 

Cue 

MDPP4 

Mean 

90.10 

89.90 

76.00 

73.82 

SB 

15.94 

16.15 

22.82 

27.68 

10 

10 

17 

17 

Table  26  di^lays  percent  hostile  adrcraft  attriticn  as  a  function  of 
MDPP  level  and  presence  or  absence  of  cues.  Ihere  was  a  statisticcilly 
significant  interaction  between  MDPP  ?svel  and  cuing  [F(l,  25)  =  5.30,  e<.05]. 
Attrition  was  reduced  substantieilly  in  the  MDPP4  condition  vAim  there  were  no 
cues  (accounting  for  the  significant  rain  effect  of  MDPP  level  [F(l,  25)  == 
3.04,  g<.10]) ,  and  iuproved  sli^itly  viien  there  were  cues.  Ihere  was  no  main 
effect  of  cues  [F{1,  25)  *  0.28,  £>.10], 


Table  26 

Rotary-Wing:  Iferoent  Hostile  Aircraft  Attrition  by  Conditicns 


Statistic 

No  Cue 
MDPPO 

No  Qie 
M3PP4 

cue 

MDPPO 

Cue 

MDPP4 

Mean 

83.30 

63.30 

67.65 

70.41 

22.25 

24.67 

19.96 

27.43 

10 

10 

17 

17 

Table  27  presents  the  percent  hostiles  credited  as  killed  prior  to  their 
releasing  ordnance  as  a  functiCTi  of  oonditicns  of  the  eKperiment.  (The 
ordnance  release  point  for  hostile  IW  aircraft  was  defined  as  20  seconds  firm 
availability.  That  is,  a  hostile  aircraft  was  assumed  to  be  capable  of 
releasing  ordnance  if  not  killed  prior  to  20  seconds  frrj<n  availability.  In 
order  to  prevent  ordnance  release,  the  team  most  fire  at  the  target  early 
enoa^  in  the  scenario  to  allcw  missile  fli^t  time  to  target  within  20 
seconds  frcm  avEiilability.)  The  percentage  of  hostiles  killed  prior  to 
ordnance  release  was  significantly  smaller  during  the  MDPP4  condition  (17.89) 
than  durirg  the  MDPPO  condition  (25.09)  [£(1,  25)  =  2.96,  e<.10].  There  was 
no  significant  effect  of  cues  (F(l,  25)  =  2.05,  e>.10]  eind  no  interaction 
[Z(l,  25)  =  1.73,  E>.10]. 


Table  27 

]Rotary-Wing;  Percent  Hostiles  Killed  Prior  to  Ordnance  Release  by  Ocnditions 


Statistic 

No  Cue 
MDPPO 

No  cue 
MDPP4 

MDPPO 

Cue 

MDPP4 

Mean 

22.70 

10.00 

11.  An 

25.77 

26.15 

13.97 

20.35 

21.17 

10 

10 

17 

17 

Thble  28  di^lays  the  oonditicral  probability  of  a  credited  kill  given  a 
fire  (in  units  of  percent)  as  a  function  of  MOEP  level  and  presence  or  absence 
of  cues.  Probability  of  kill  was  significantly  lower  during  the  MDPP4 
oonditiMi  (89.99)  than  during  the  MOPPO  cojidition  (98.11)  [P(l,  25)  =  3.26, 
^.10].  There  was  no  effect  of  cuing  [£(1,  25)  =  0.02,  £X>.10)  and  no 
interaction  between  MDPP  level  and  cuing  condition  [£(1,  25)  =  0.46,  e>.10]. 


Table  28 


RDtary-Wing:  Conditional  Probabilily  of  Kill  Given  Fite  (in  Percent)  fay 
Conditions 


Statistic 

No  Cue 
M9PP0 

No  Cue 
MDPP4 

Cue 

MDFPO 

Cue 

MDPP4 

Mean 

100.00 

88.80 

96.23 

91.18 

SD 

0.00 

12.06 

10.15 

25.07 

N 

10 

10 

17 

17 

Correlation  of  Vision  treasures  With  Engagenent  Performance 

Measures  of  visual  sensitivity  were  correlabed  with  selected  measures  of 
engagement  performance  s^aarately  for  each  sub-ej^jeriment.  The  four  vision 
measures  were  foveal  visual  acuity,  general  contrast  sensitivity,  hi(^ 
frequency  contrast  sensitivity,  and  resting  focus.  These  measures  were  chosen 
becatse  past  research  showed  them  to  be  reliably  correlated  with  FAAD 
engagement  performance  (Barber,  1990a) .  Visual  acuity  is  an  ordinal-level 
measure  and  is  reverse  scored,  with  Icwer  scores  representing  better 
performance.  General  contrast  sensitivity  is  the  mean  contrast  sensitivity 
score  for  all  five  ^satial  frequencies.  Hi»^  frequency  contrast  sensitivity 
is  the  mean  contrast  sensitivity  score  for  the  two  highest  frequency  gratings 
(12  and  18  cycles  per  degree) .  Contrast  sensitivity  is  also  an  ordinal-level 
measure.  Better  performance  is  represented  by  hi(^ier  scores.  Besting  focus 
is  a  ratio-level  measure  and  is  also  reverse  scored,  with  lower  scores 
represent^  better  performance.  Mean,  and  N  are  presented  for  the  vision 
measures  in  Table  29  for  both  sub-experiments. 
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Table  29 

Vision  Scores  for  Team  Chiefs  for  Both  Sub-Experiinents 


Statistic 

Baseline 
Sub-FXperiment  1 

cuing 

Sub-iiqseriment  2 

H  = 

8 

H  =  14 

Mean 

SB 

Mean 

SD 

FA 

15.13 

3.18 

16.00 

4.08 

CS 

6.35 

0.37 

6.03 

0.69 

CSH 

5.94 

0.68 

5.43 

1.11 

RF 

10.64 

0.90 

10.06 

1.12 

FA  =  Foveal  Acuity 

CS  =  General  Contrast  Sensitivity 

CSH  =  Hi^  Frequency  Contrast  Sensitivily 

RF  =  Resting  Focus 


Six  engagement  tasks  were  selected  for  correlaticxi  because  they  require 
a  substantial  admixture  of  visual  processing  for  their  performance.  Th^  were 
FW  detection  range,  FW  identification  range,  percent  FW  correctly  identified, 
RW  available  to  detect  time,  RW  detect  to  identify  time,  and  percent  RW 
correctly  identified.  A  Stinger  team  detects  edl  targets  with  the  unaided  eye 
(FM  44-18-1) .  For  a  Stinger  team  in  Wee^oTS  Control  Status  Ti^t  all  targets 
are  identified  by  the  team  chief  using  his  eyes  aided  with  binoculars  (FM  44- 
18-1) .  Past  research  has  shown  that  these  six  engagement  tasks  correlate  with 
the  four  vision  measures  described  above  (Beuher,  1990a) .  Correlations  were 
performed  s^arately  for  coiditions  of  MXPO  and  MDPP4. 

All  correlations  were  performed  cn  visual  scores  obtained  from  the  team 
chiefs  because  they  were  primarily  responsible  for  detection  and  exclusively 
responsible  for  identification.  In  addition,  using  similar  participants, 
equipment,  and  procedures  Barber  (1990a)  showed  that  the  detection  and 
identification  tasks  correlated  with  these  same  vision  measures,  while  the 
specifically  gunner  tasks  of  weapon  acquisition  and  tracking  did  not.  Also 
using  similar  participants,  equipment,  and  procedures  Geist  and  Johnson  (1990) 
showed  that  the  identification  performance  of  Stinger  team  chiefs  predicted 
both  total  engagement  time  and  team  effectiveness  (i.e. ,  "kills”) .  For  these 
reasons  the  decision  was  made  to  limit  the  analysis  to  team  chiefs  only. 
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A  total  of  96  correlation  coefficients  were  run  (4  vision  scores  x  6 
engagement  tasks  x  2  coniitions  of  MDPP  x  2  sub-experiments  =  96) .  A  one- 
tailed  test  was  chosen,  vhere  better  vision  scores  were  predicted  to  inprove 
engagement  p^onnance.  An  alpha  level  of  five  percent  was  chosen.  Hence, 
4.8  statistically  significant  cCTrelation  coefficients  would  have  been 
ejqsected  by  chance  cilone  (0.05  x  96  =  4.8). 

Nine  correlations  were  statistically  significant.  These  results  ^ 
presented  in  Table  30  by  MDPP  level  and  sub-ej?5eriment.  Ei^it  of  the  nine 
significant  correlations  involved  the  detection  task  (iW  detection  range,  PW 
available  to  detect  tine) .  Team  chiefs  with  better  visual  sensitivity  were 
able  to  detect  aircxaft  earlier  and  at  greater  range.  Wito  a  single  noted 
exc^jtion,  there  was  no  evidence  in  these  data  that  individual  differences  in 
visual  capability  related  to  the  identification  task. 


Table  30 

Statistically  Significant  Ccarrelaticns  Between  Visual  Sensitivity  and  Selected 
Engagement  Tasks 


Sub-Experiment  1  (Baselined ;  MOPPQ 

PW  percent  correct  ID  with  RF  (Pearson  r  =  -.68,  N  =  10,  p  <  .05) 
Sub-Experiment  1  fBaseline^ ;  MDPP4 

FW  detect  range  with  FA  (Spearman  iho  =  -.62,  li  *  8,  p  =  .05) 
Sub-Exreriment  2  ^Qiing^ ;  tCPPO 

FW  detect  range  with  FA  (Spearman  rho  =  -.44,  H  *  14,  p  =  .05) 

FW  av.  to  detect  time  with  FA  (Spearman  rtro  =  .46,  N  =  17,  p  <  .05) 

FW  av.  to  detect  time  with  CS  (Spearman  rho  =  -.39,  N  =  17,  p  =  .05) 

RW  av.  to  detect  time  with  RF  (Pearson  p  =»  .48,  N  =  17,  p  <  .05) 

Sub-Experiment  2  fCli-ingl ;  M3PP4 

FW  av.  to  detect  time  with  FA  (Spearman  rho  =  .48,  M  =  17i  E  <  *05) 

FW  av.  to  detect  time  with  CS  (Spearman  rho  =  -.57,  JI  =  17,  E  <  *01) 

FW  av.  to  detect  time  with  CSH  (Spearman  rho  =  -.45,  N  *  17,  p  <  .05) 


FA  =  Foveal  Acuity 

CS  =  General  Contrast  Sensitivity 

CSH  =  High  Frequency  Contrast  Sensitivity 

RF  =  Resting  Focus 


Stress  and  ^torkload 


Stress.  The  Mann-Whitney  U  test  for  between-grotps  ccnparisons  and  the 
Wilcoxon  I  test  for  within-grccp  corrparisons  (Bruning  &  Kintz,  1977)  were  \ased 
to  analyze  the  stress  data  r^xsrted  during  Sub-Experiment  1  and  Sub-Fiqjeriroent 
2.  Tables  31  throui^  34  di^lay  means,  standard  deviations  (SD) ,  nuirber  of 
observations  (N) ,  and  results  of  the  statisticad  analyses  for  the  between-  and 
within-grocp  ccnparisons. 
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Because  there  were  no  significant  differences  in  parted  stress  levels 
between  Sub-Experiment  1  and  Sub-Esgserinent  2  (see  Table  31)  or  between  the 
team  chiefs'  and  gunners'  ratings  (see  Table  32),  these  data  ware  combined  for 
further  analysis. 


Table  31 

Ind^3endent  Groups  Marm-Whitney  U  Test  Analysis  of  Stress  Ratings  Given  in 
Sub-Experiment  1  and  Sub-Experiment  2 


Sub-Experiment  1  Sub-Experiment  2 

Results 

Pretest  tOPPO 

Mean 

34.83 

35.82 

U  =  380.0,  E  >  .05 

SD 

6.95 

9.21 

H 

24 

34 

Postbest  MDPPO 

Mean 

35.91 

35.85 

H  =  364.0,  E  >  *05 

10.99 

10.06 

H 

22 

34 

Pretest  MDPP4 

Mean 

45.55 

44.56 

U  =  329.0,  E  >  *05 

SD 

10.56 

12.40 

N 

20 

34 

Posttest  MDPP4 

Mean 

42.65 

41.64 

H  «  253.5,  E  >  -05 

9.92 

12.31 

E 

20 

28 

Table  32 


maeperdent  Groups  Ifenn-Whitney  U  Test  Analysis  of  Stress  Batings  Given  by 
Iteam  Chiefs  and  Gunners 


Oteam  Chief  Gunner 

Pesults 

Pretest  M3PP0 

Mean 

35.42 

35.41 

U  =  339.5,  E  >  -05 

8.97 

8.54 

N 

26 

27 

Posttest  M3PP0 

Mean 

35.65 

34.09 

U  =  253.0,  E  >  *05 

SD 

11.06 

9.23 

H 

23 

23 

Pretest  M3PP4 

Mean 

45.19 

45.04 

U  =  340.0,  E  >  *05 

m 

10.93 

12.92 

n 

26 

27 

Posttest  M3PP4 

Mean 

43.35 

41.39 

U  =■  243.0,  E  >  *05 

m 

12.01 

10.84 

n 

23 

23 
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As  e353ec±ed,  the  MDPP4  stress  ratirqs  were  significantly  greater  than 
the  MDPPO  ratings  both  pretest  and  posttest  (see  Table  33) . 

Table  33 

Related  Gnx^ss  Wilcoxon  T  Test  Analysis  of  MDPPO  and  M0PP4  Stress  Ratings 


MDPPO 

1CPP4 

Results 

Pretest 

Mean 

35.42 

45.11 

1  = 

84,  E  <  .05 

SD 

8.67 

11.67 

H 

53 

53 

Posttest 

Mean 

34.87 

42.37 

T  = 

179,  E  <  .05 

10.11 

11.35 

il 

46 

46 

/analysis  of  the  ratings  given  before  and  eifter  MDPPO  and  MDPP4  trials 
revealed  no  significant  differences  between  the  levels  of  rtr^  r^rted  at 
the  beginning  and  at  the  end  of  triads  (see  ISble  34) .  Perceived  stress, 
therefore,  reamined  constant  over  trials. 


Table  34 

Related  Groups  Wilcoxon  T  Test  Analysis  of  Stress  Ratings  Given  Prior  to  and 
at  the  Conclusion  of  MDPPO  and  MDPP4  Trials 


Pretest 

Posttest 

Results 

MDPPO 

Mean 

35.43 

35.88 

£  *  650.0,  E  >  .05 

SD 

8.45 

10.34 

56 

56 

MDPP4 

Mean 

45.98 

42.69 

T  =  369.5,  E  >  *05 

SD 

11.94 

11.81 

H 

48 

48 

Workload.  After  each  trial  for  record,  participants  in  Sub-Dcperiments 
1  and  2  rated  workload  using  -Gie  NASA  TIX  scale.  Die  wor3cload  ratings 
collected  during  this  research  were  used  in  the  relative  sense,  corparing 
vhether  the  MDPPO  or  the  MDPP4  condition  was  perceived  as  having  higher 
workload.  Die  workload  data  vere  subjected  to  a  mixed  three  factor  r^ieated 
measures  Analysis  of  Variance.  (NOrusis,  1985) .  Cuing  condition  (cue,  no  cue) 
was  the  between-subjects  facbcar.  MDPP  (MDPPO,  MDPP4)  and  scenario  difficulty 
(low,  medium,  hi^)  were  the  within-subjects  factors. 

Diere  was  no  main  effect  of  cue  condition  [Z{1»  20)  =  0.22,  e>.05] 
indicating  that  r^xorted  workload  was  equivalent  in  the  sub-experiments.  As 
expected,  however,  there  was  a  main  effect  of  MDPP  [F(l,  20)  =  23.56,  pc.OOl] 
with  workload  ratings  being  significantly  higher  for  the  MDPP4  condition. 

Diere  vas  eilso  a  significant  scenario  effect  [F(2,  40)  =  9.26,  b<.001]  vhich 
is  evidence  that  participants  responded  differentially  to  the  scenario 
difficulty  with  greater  workload  being  assigned  to  the  more  demanding 
scenarios.  None  of  the  interactions  included  in  this  analysis  were 
significant  at  the  five  percent  level  [cue  x  MDPP,  £(1,  20)  =  0.69,  e>.05;  cue 
X  scenario,  £(2,  40)  =  0.37,  e>.05;  MDPP  x  scenario,  F(2,  40)  =  3.10,  E>.05; 
cue  X  MDPP  X  scenario,  £(2,  40)  =  1.82,  E>.05]. 


the  actions  performed  by  the  team  chief  and  gunner  during  the 
engagement  sequence  are  different,  separate  analyses  were  performed  *n  the 
workload  ratings  given  by  these  individuals  to  identify  differentiail  patterns 
of  assessing  vrorkload,  should  they  exist.  Team  <±iief  and  gunner  ratings  were 
analyzed  in  TO-ivpri  three  factcar  repeated  measures  ANOVAs  (2  cue  x  2  KDPP  x  3 
scenario  difficulty) .  Generally  the  anadyses  of  the  team  chief  and  gunner 
data  yielded  the  same  pattern  of  results  seen  in  Sub-Experiments  1  and  2. 

Once  again,  there  was  no  main  effect  of  cue  for  either  the  team  diief  or 
gunner  [TO,  F(l,  20)  =  0.18,  ^.05;  gunner,  F(l,  20)  =  0.21,  e>.05],  but  the 
MDPP  effect  [TC,  F(l,  20)  =  18.10,  p<.001;  gunner,  £(1,  20)  =  17.42,  £<.001] 
and  the  scen2urio  difficulty  effect  [TC,  F{2,  40)  =  7.21,  £<.002;  gunner,  F(2, 
40)  =  10.15,  £<.001]  were  significant  as  in  the  sub-experiments  analysis.  The 
only  exception  to  the  replicated  pattern  of  results  for  the  s^arate  analyses 
was  a  significant  interaction  of  MDPP  and  scenario  difficulty  seen  in  the 
analysis  of  the  team  chiefs*  workload  data  [F(2,  40)  =  3.33,  £<.05]. 

Figure  8  di^lays  the  three  MDPP  x  scenario  difficulty  interactions  for 
the  analyses  described  in  this  section  (Sub-£^(periments  1  and  2,  team  chiefs, 
and  gunners) .  The  significant  interaction  of  MDPP  and  scenario  difficulty 
yielded  by  the  team  chiefs'  ratings  result  from  the  fact  that  the  WDr]d.oaa 
ratings  given  by  the  team  chiefs  vhile  wearing  MDPP4  were  hipest  for  the 
medium  difficulty  scenarios.  This  pattern  of  response  differs  frcm  that  given 
by  the  gunners.  The  magnitude  of  gunner  workload  ratings  corresponded 
directly  to  the  difficulty  level  of  the  scenarios.  Thus,  the  team  chiefs  but 
not  the  gurners  gave  the  hi^iest  workload  ratings  to  the  engagement  of  single 
fixed-wing  aircraft  (medium  difficulty)  but  only  vhile  in  MDPP4. 

Table  35  shews  the  cerparison  between  morning  woridoad  ratings  and 
afternoon  workload  ratings  as  a  functicai  of  MDPP  level  emd  scenario 
difficulty.  Of  the  six  oonparisans  (two  conditions  of  MDPP  x  three  conditions 
of  scenario  difficulty  -  six  conparisons)  three  were  statistically 
significant.  Although  only  half  of  the  meems  differed  significantly  from  each 
other,  it  is  interesting  to  note  that  reported  workload  was  always  greater  in 
the  morning,  regardless  of  MDPP  condition.  This  finding  suggests  that 
experience  in  the  test  situation  and  in  MDPP  gear  dissipates  the  magnitude  of 
perceived  workload  over  the  course  of  triads. 


msdium 
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Figure  8.  MOPP  x  scenario  difficulty  interactions  for  the  sub-experiments 
team  chief,  and  gunner  data. 


Table  35 


Ird^sendent  Grotps  Student's  t  Test  Analysis  of  lOPPO  and  MDPP4  Workload 
Ratings  Giveii  in  the  Morning  eind  in  the  Afternoon 


Morning 

Aftemocn 

Results 

low  Difficulty  Scenarios  M3PP0 

Mean 

25.58 

19.47 

t  = 

1.44, 

P 

> 

.05 

SD 

17.25 

14.04 

H 

34 

24 

low  Difficulty  Scenarios  M3PP4 

Mean 

39.60 

33.57 

1.28, 

P 

> 

.05 

SQ 

15.41 

19.50 

U 

24 

30 

Medium  Difficulty  Scenarios  M3PP0 

Mean 

29.08 

20.37 

2.19, 

P 

< 

.025 

15.10 

14.91 

n 

30 

24 

Medium  Difficulty  Scenarios  M3FP4 

Mean 

44.29 

38.55 

1.02, 

P 

> 

.05 

16.33 

23.03 

H 

24 

24 

Hi^  Difficulty  Scenarios  MDPPO 

Mean 

35.89 

26.09 

t  = 

1.99, 

P 

< 

.05 

20.22 

16.12 

34 

24 

Hi^  Difficulty  Scenarios  M3PP4 

Mean 

48.81 

36.59 

2.06, 

P 

< 

.025 

SQ 

16.24 

24.72 

n 

24 

24 
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Eiigaggnent  Performance  (Sub-Experinents  1  amd  2) 

Fixed-vim  aircraft.  Overall,  the  effect  of  wearing  MDPP4  vas  to  delay 
engagement  performance  by  ^pprcocinately  one  kilcneter.  Ihls  effect  was 
largest  early  in  the  engagement  sequence  (detect,  IFF,  ID)  and  smallest  late 
in  the  engagement  sequence  (loc3c-cn,  fire) .  Cie  engagement  step  most  affected 
by  wearing  MDPP4  was  identification  range  \*ere  the  overall  MDPPO  -  MDPP4 
difference  was  2.16  kiloneters.  Interestingly,  the  entirety  of  the 
degradation  due  to  M3PP4  cannot  be  accounted  for  siiply  ty  positing  that  the 
degradation  was  present  at  detection  and  this  initial  difference  delayed 
performance  thrcui^Tout  the  remainder  of  the  engagenent  sequence  in  turn.  For 
the  degradation  present  at  identification  was  ^proximately  2.5  times  as  great 
as  that  at  detection.  Clearly,  wearing  MDPP4  lowered  identification 
efficiency  in  addition  to  the  harm  edrsaify  done  to  detecticai  efficiency. 

Sp^ifically,  vhat  was  it  about  wearing  MDPP4  that  caused  the 
degradation  in  FW  engagement  performance?  Ihe  irpairment  in  detection  range 
was  most  likely  caused  by  the  restricted  field  of  view  encountered  when 
wearing  the  mask  (Bensel,  et  al.,  1987;  Kobrick  &  Sle^jer,  1986).  Hiis 
interpretation  is  supported  by  the  fact  that  cues,  which  effectively  reduce 
the  search  sector,  iicproved  detection  range  in  the  MDPP4  condition  (see  lable 
5). 

The  decrement  in  IFF  range  could  have  been  caused  ty  the  difficulty 
gunners  r^rted  (see  Apperodx  B)  in  attanpting  to  track  flyiivT  aircraft  with 
the  Stinger  si^t  reticle  vhile  wearing  the  mask.  Gunners  could  not 
interrogate  the  adrcraft  until  it  was  within  their  si^t  reticle,  and  putting 
the  aircraft  within  the  si^  reticle  was  more  difficult  and  took  longer  vAiile 
wearing  the  mask. 

The  decrement  in  identification  range  could  have  been  by  tlie 

diffiadty  team  chiefs  r^xarted  (see  i^jpendix  B)  in  attaipting  to  identi:^ 
flying  aircraft  with  binoculars  vhile  wearing  the  mask.  It  has  already  been 
reported  (Harrah,  ^85)  that  the  mask-binocular  interface  produces  a  narrow 
field  of  view.  Hiis  narrow  field  of  view  maJces  trsKddng  a  maneuvering,  flying 
aircraft  difficult.  In  addition  to  this  tracking  problem,  chiefs 
report^  double  images  and  visual  disorientaticn— another  problem.  In  an 
attenpt  to  alleviate  the  double-image  problem,  team  chiefs  closed  one  eye  or 
otherwise  used  only  one  optic  of  the  binoculars— causing  another  problem.  It 
is,  therefore,  a  reasonable  assunpticn  that  wearing  the  mask  was  the  primary 
cause  of  the  performanoe  degradation  shown  for  FW  aircraft  in  this  e^gseriment. 
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Overall,  the  Sumnary  Performance  Measures  vere  virtually  xmaffected  by 
wearing  MDPP4,  even  thot*^  sonetimes  substantial  differences  were  shewn  for 
Task  Performance  tfeasures.  Results  such  as  these  have  r^jeatedly  been  seen  by 
xis  in  the  past  (e.g. ,  Barber,  1990b;  Drewfs  &  Barber,  1990;  Johnson,  Barber,  & 
locJhart,  1988)  and  are  caused  ^  differences  in  the  nature  of  the  measures 
themselves.  To  understand  these  differences  a  WDrd  must  be  said  about  the 
'^ldrdow  of  engagement."  <3Tgagement  window  begins  vhen  the  target  first 
becomes  available  for  engagement  by  the  team  and  ends  vhen  the  target  ceases 
to  be  avedlable.  SIMs  measure  the  probability  of  a  particular  event  occurring 
during  the  engagement  window,  whereas  TFMs  measure  ^jecifically  vhen  within 
the  window  these  events  occur. 

This  esmladns  vhy  the  SIMs  were  so  often  unciffected  by  the  action  of  the 
independent  variable  (i.e. ,  MOPPO  versus  MDPP4) .  SIMs  measure  vhether  or  not 
a  particular  engagement  event  occurred,  not  vhm  it  occurred.  As  an  exaitple 
consider  the  case  of  identification.  The  SIM  "percent  aircraft  correctly 
identified"  measured  correct  ID  for  the  engagement  window.  It  was  not 
significantly  affected  by  MDPP  level — varying  around  57  percent  correct  for 
both  oenditiens.  That  is,  percent  correct  ID  at  the  end  of  the  engagement 
window  was  constant.  However,  precisely  where  within  the  window  these  ID 
responses  were  made  did  vary  significantly— being  2.16  Icilometers  later  for 
the  JOPP4  condition.  That  is,  the  team  ohiefs  showed  the  same  overall  percent 
oorrect  identification  performance,  but  they  consistently  made  their  responses 
later  v/iien  wearing  HDPP4.  Thus,  this  paucity  of  significant  results  in  terms 
of  SIMs  should  not  be  interpreted  to  mean  that  there  was  no  effect  of  MDPP4 
tpen  Stinger  team  performance. 

The  overall  effect  of  adding  precise  visual  cues  was  to  improve 
engagement  performance  by  2.21  kilometers.  The  range  of  every  Task 
Performaixe  Measure  was  significantly  inproved.  This  improvsnent  varied  fresn 
a  low  of  1.19  kilometers  for  detection  to  a  hic^i  of  2.98  kilometers  for 
acquisition.  The  iaprovement  in  performance  more  than  doubled  after  the 
detection  event,  suggesting  that  the  effect  of  cues  was  not  limited  only  to 
increasing  detection  range.  The  SIMs,  however,  were  xmaffected  by  the 
addition  of  cues  (see  discussion  of  SIMs  above) . 

It  vdll  be  remembered  that  the  purpose  for  the  addition  of  cues  (i.e. , 
Sub-Experiment  2)  vas  to  evalxxate  their  xisefulness  in  reducing  the  degradation 
attributable  to  wearing  WDPP4.  This  potential  "fix"  appeared  to  be 
successfiil.  Oenpare  the  performance  for  the  cue  condition  of  KDPP4  with  that 
for  the  no  cue  condition  of  MDPPO  (see  Figure  4) .  Not  only  was  the  MDPP4 
condition  not  degraded  relative  to  the  MDPPO  oenditien,  it  v>cis  superior.  Over 
euLl  six  engagement  actions,  the  1CPP4  condition  vas  siperior  by  a  mean  range 
of  1.30  kilometers.  Again,  the  improvement  shown  for  the  cxie  condition  was 
not  limited  only  to  the  detect  event. 
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Pntea?v-wina  aircraft.  Overall,  the  effect  of  wearing  M3PP4  was  to 
increase  the  time  required  for  a  coiplete  engagement  (target  available  to 
fire)  by  25  percent.  Extra  time  was  required  for  all  critical  engagement 
periods:  avcdlable  to  detect,  detect  to  identify,  and  identify  to  fire. 
Overall*  available  to  detect  time  vas  increased  by  10.7  percent,  detect  to 
identify  time  by  17.8  percent,  and  identic  to  fire  time  by  54  percent. 

Wearing  M0PP4  affected  both  the  team  chief  and  the  gunner.  The  engagement 
period  detect  to  identify  was  entirely  dependent  vpcn  the  time  ta3<en  by  the 
team  chief,  using  binoculars,  to  identify  the  target.  The  engagement  period 
identic  to  fire  was  entirely  dependent  rqpon  the  gunner.  Remenber,  the  gunner 
had  already  had  the  target  detected  and  identified  as  hostile,  he  had  been 
given  a  ocmmand  to  fire,  the  target  was  havering  within  range,  and  the  gunner 
had  already  shouldered  his  Stinger.  Yet,  it  still  took  him  54  percent  more 
time  to  ocnplete  the  engagement  vhile  in  MDPP4.  Ihe  effect  of  wearing  M0PP4 
was  to  increase  the  time  required  for  ciU  engagement  actions  by  both  members 
of  the  team.  There  was  no  evidence  from  this  ejgeriment  that  the  effects  of 
wearing  MDPP4  were  limited  to  a  single  ’•bottleneck”  in  the  engagement 
secpenoe. 

Specifically,  vhat  was  it  about  wearing  MDPP4  that  caused  the 
degradaticn  in  I?W  engagemait  performance?  The  increase  in  time  frcm  available 
to  detect  was  most  likely  caused  bY  the  restricted  field  of  view  of  the  mask 
(Bensel  et  al.  ,  1987;  Kobrick  &  Sleeper,  1986) .  As  with  the  rw  aircraft,  this 
mterpretaticn  is  supported  by  the  fact  that  cues,  vAiich  effectively  reduce 
the  search  sector,  shortened  avcdlable  to  detect  time  in  the  f4DPP4  condition 
(see  Table  14) . 

The  increase  in  detect  to  identify  time  could  have  been  caused  by  the 
difficulty  chiefs  reported  (see  Appendix  B)  in  attarpting  bo  use  the 
binoculars  with  the  mask.  Team  chiefs  reported  a  double- image  problem  with 
ccnsequent  visual  disorientation  and  ”solved”  it  by  using  only  one  eye.  This 
cxwld  have  d^ayed  identification  of  the  IW  eiircraft  vhich,  being  3.5 
kilcuteters  distant,  were  not  identifiable  without  magnification. 

At  least  part  of  the  increase  in  time  frcm  identify  to  fire  could  have 
been  caused  by  the  diffiadties  reported  ty  gunners  (see  ;ppendix  B)  in 
attenpting  to  use  the  Stirger  sight  reticle  vhile  wearing  the  mask.  Gunners 
reported  difficulty  acquiring  aircraft  in  the  reticle  while  wearing  the  mask. 
Perhaps  more  importantly,  gunners  reported  difficulty  inserting  si^erelevate 
and  lead  angle  because  the  mask  prevented  them  fran  seeing  the  svperelevate 
and  le^  reticles  in  the  sight.  This  interpretation  is  supported  by  the 
significant  increase  in  times  frcm  lock-cn  to  fire  shown  for  the  MDPP4 
ocndltion  (see  Figure  5  and  'Kble  19) .  Insertion  of  the  si^:erelevate  and  1«=»ad 
angle  takes  place  between  lock-cn  and  fire.  Thus,  as  in  the  case  of  the  PM 
aircraft,  it  is  a  reasonable  assumption  that  the  primary  range  of  the 
performance  degre^iation  shewn  for  FM  aircnift  in  this  ej^jeriment  was  the  mask. 
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As  vdth  the  fixed-wing  results,  the  safe  were  largely  unaffected  by  the 
level  of  ICPP  worn.  Where  significant  results  were  found  they  were  entirely 
consistent  with  the  THfe.  Under  conditions  of  MDPP4  the  percentage  of 
hostiles  killed  was  lower,  the  percentage  of  hostiles  killed  prior  to  ordnance 
release  was  lower,  and  the  conditional  probability  of  kill  given  a  fire  ev^t 
was  lower.  These  results  can  all  be  esgilained  in  terns  of  the  increased  time 
required  for  engagoients  in  M3PP4.  Ohe  mete  time  the  engagement  sequence 
requires,  the  greater  the  probability  that  tiie  hostile  aircraft  will  have 
released  its  ordnance  and  then  have  returned  to  its  defilade  position,  thereby 
being  unavailable  to  kill. 

Overall,  the  effect  of  precise  visual  cues  on  the  engagement  of  FW 
aircraft  was  to  reduce  total  time  by  a  modest  7.6  percent.  Why  was  the  effect 
of  icurge  for  the  FW  scerarios  but  small  for  the  FW  scenarios?  Cues  will 
be  nore  helpful  the  more  difficult  or  ambiguous  is  the  stimulus  environment. 
Hie  FW  environment  was  sinpler  and  more  stable  than  that  of  the  FVi.  There 
were  a  total  of  six  static  HW  aircraft,  tuo  each  at  three  clock  azimuth 
positions.  They  were  all  within  visual  (aod  Stinger)  range  and  were  clearly 
detectable  once  raised  during  a  scenario.  The  FW  edreraft,  by  oenparison,  did 
not  occupy  static  positions  but  flew  in  fim  out  of  visual  (and  Stinger) 
range.  The  effectively  narrowed  the  search  sector  and  thereby  allowed 
the  FW  aircrsift  to  be  detected  at  greater  range  (c.f . ,  Wokoun,  1960) .  The 
Sunnary  Performance  Measures  were  unetffected  by  the  presence  of  cues. 

As  in  the  case  of  the  fix£xi-wing  scenarios,  the  purpose  for  the  additicxi 
of  cues  (i.e. ,  Sub-Experiment  2)  was  to  eualuate  their  usefulness  in  reducing 
the  degradation  attributable  to  wearing  'Ihis  potential  "fix”  appeared 

to  be  at  least  partially  successful.  As  shown  in  Table  22,  the  addition  of 
cues  ret’imed  53  percent  of  the  engagement  time  lost  to  M0PP4  in  the  baseline 
sub-eiperiment.  It  is  to  be  expected  tliat  cues  would  be  even  more  helpful  in 
a  more  difficult  or  ambiguous  target  environment. 

Correlation  of  Vision  Iteasures  With  EnrTagenent  Performance 

The  detection  event  correlated  significantly  with  measures  of  visual 
censitivity  (see  Table  30) .  This  result  was  consistent  with  recent  findings 
(Barber,  1990a) .  Given  the  visucil  nature  of  the  engagement  tasks  chosen  for 
correlation,  as  v^l  as  the  Barber  results,  it  was  expected  that  many  more 
significant  correlations — especially  between  vision  arxi  identification — would 
emerge.  It  is  assumed  that  methodological  considerations  limited  these 
results.  Barber's  sample  size  was  138,  viule  in  this  experiment  the  saitple 
size  varied  fran  8  to  17.  In  addition.  Barber's  saiiple  covered  a  broader 
range  of  Forward  Area  Air  Defense  MDSs. 

Stress  and  workload 

Analyses  of  the  stress  and  workload  data  from  Sub-Experiments  1  and  2 
produced  the  expected  results.  Reported  stress  ratings  were  significantly 
higher  vAien  the  Stinger  teams  wore  M3PP4  than  when  they  wore  M3PP0.  Also, 
workload  ratings  were  significantly  greater  when  teams  performed  the 
engagement  sequence  in  the  chemical  protective  ensemble  than' when  executing 
the  same  tasks  while  wearing  the  battle  dress  uniform  alone.  The  greater 
levels  of  stress  and  worklcad  r^rted  \diile  wearing  MDPP4  were  not  surprising 
given  the  encumbering  nature  of  the  protective  clothing. 


It  was  sanewhat  surprising  at  first  glance,  hcwever,  that  significant 
differences  in  stress  and  workload  ratings  between  Sub-Experiments  1  and  2  did 
not  emerge.  It  might  have  been  expected  that  the  cuing  information  viiich  so 
dramatically  inproved  Stinger  performance  would  have  also  reduced  the  levels 
of  stress  and  worlcload,  but  they  were  statistically  equivalent  in  the  cue  and 
no  cue  sub-experinents.  A  different  set  of  results  mi^t  be  predicted  shojld 
the  stinger  perform  in  both  the  cue  and  no  cue  sub-ejqseriments, 

circunstances  vMch  would  allow  them  bo  ccnpare  stress  and  workload  under 
varying  conditions. 

As  stated  above,  Stinger  teams  reported  greater  workload  vMle  in  the 
lOPP  ensetrble.  VJhile  each  piece  of  the  protective  gear  contributed  to  the 
elevated  workload,  the  mask  appeared  to  be  the  source  of  the  roost  sericus 
problems  for  the  crews  (see  Appendix  B) .  The  team  chief  was  able  to  use  his 
binoculars  only  with  difficulty  vhile  wearing  the  mask.  Not  only  did  the 
binoculars  slide  on  the  surface  of  the  M40  eyepieces,  they  also  significantly 
reduced  the  team  chief's  field  of  view.  Likewise  the  ey^ieoes  of  the  mask 
reduced  the  gunner's  field  of  view  vhen  he  placed  his  eye  to  the  Stinger 
si^t.  Although  the  rubber  gloves  initially  interfered  with  manual  dexterity 
to  scrae  extent  (see  ^^pendix  B) ,  they  did  not  ^pear  to  create  significant 
problems  for  either  the  team  chief  or  the  gunner.  Ihe  overgarment  and 
overboots  were  r^x)i±ed  to  produce  disccmfort,  but  they  did  not  seem  bo 
present  significant  engagement  problems  for  teams. 

Ihe  results  of  the  ANOVAs  performed  on  the  sub-experiments,  team  chief, 
and  gunner  workload  data  yielded  virtually  identical  findings.  Ihere  were  no 
differences  in  r^rted  workload  as  a  function  of  cue  or  no  cue.  MDPP4 
produced  significantly  higher  levels  of  workload.  Wbr3cload  increased  as 
scenario  difficulty  increased.  With  tut  one  eisseption,  none  of  the 
interactions  were  significant  at  the  five  percent  level.  That  exertion  was 
the  beam  chief  MDPP  by  scenario  difficulty  interaction.  For  team  chiefs  only, 
wor]d.oad  was  greater  during  the  medium  difficulty  scenarios  than  during  hi^ 
difficult  scenarios.  Ihis  interaction  of  KDEP  gear  and  scenario  difficulty 
is  explained  by  an  examinaticsi  of  the  types  of  edreraft  used  in  the  various 
scenarios. 
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low  difficulty  scerarios  were  crmrisfld  of  single,  sceile-inodel,  rotary- 
wing  aircraft  v4iic±i  ascended  and  hovered  at  fixed  locations.  Medium 
difficulty  scenarios  consisted  of  single,  scale-model,  remotely^iloted, 
fijffid-wing  aircraft  roving  at  speeds  and  ranges  adjusted  to  approximate  tte 
actual  speeds  and  ranges  of  full-scade  aircraft.  Hi^  difficulty  scenarios 
contained  either  multiple,  scale-model,  rotary-wing  aircraft  pepping^  frem 
fixed  locations  or  a  single  rotary-wing  and  a  single  fixed-wing  aircraft 
eppearing  simultaneously.  When  Stinger  teams  were  not  in  MDPP4,  the  magnitude 
of  workload  assigned  to  these  scenarios  corresponded  directly  to  the 
difficulty  level  of  the  scenario.  However,  the  medium  difficulty  scenarios 
bgy-aTTva  the  source  of  the  greatest  workload  for  the  team  chief  vhen  he  was 
wearing  the  chemical  protective  ensenhle.  The  fixed-wing  aircraft  presented 
during  these  engagements  required  the  team  chief  to  identify  rapidly  moving 
and  maneuvering  targets  using  binoculars  in  corcert  with  the  mask — a  situation 
described  by  the  ti=>am  chiefs  as  creating  performance  difficulties  'see 
Apppndiv  B) .  Althoo^  the  same  mask-binocular  interface  problems  existed  for 
the  low  ard  hi^  difficulty  scenarios,  the  workload  requirements  were 
generally  less  because  the  targets  were,  with  one  exio^Aion,  static  and  did 
not  present  the  same  tracking  demands  for  the  team  chiefs. 

It  is  reasonable  to  ask  why  these  scenarios  were  not  also  perceived  as 
being  more  difficult  by  the  gunner.  like  the  team  chief,  he  too  had  to  track 
a  rapidly  moving  and  manaivering  target  while  wearing  a  mask.  Unlike  the  team 
chief,  however,  the  gunner  had  more  time  avedlable  to  perform  his  job.  The 
increased  tiTnt=»  vas  a  result  of  the  intervzd  after  detection  during  vhich  the 
team  chief  must  make  a  positive  visual  identificaticjn  of  the  aircraft.  This 
period  afforded  the  gunner  time  to  locate,  track,  and  acquire  the  aircraft. 
Therefore,  the  gunner  was  rxit  working  vmder  the  same  time  pressure  as  the  team 
chief  and  as  such  did  not  experience  a  cxjrre^pcinding  workload.  Time  pressure 
is  one  of  the  defining  characteristics  of  workload  (e.g. ,  Christ,  Bulger, 

Hill,  &  Zaklad,  1990;  NASA-Ames,  1986)  and  was  one  of  the  cenponents  of 
workload  measured  by  the  TLX  questionnaire. 

It  should  be  noted,  here,  that  the  scenarios  used  in  this  experiment 
were  calibrated  for  difficulty  based  xpen  years  of  research  enploying  hundreds 
of  air  defenders  of  many  different  MDSs  (Barber,  1990b;  Drewfs  &  Barber, 

1990) .  However,  none  of  this  earlier  research  employed  participants  wearing 
the  MDPP4  chemical  protective  ensemble. 

Seme  evidence  that  adaptaticai  to  the  test  situation  and  to  wearing  the 
chemical  protective  ensemble  was  ta]cing  plawce  can  be  inferred  from  examination 
of  the  morning  and  aftemocn  workload  means  for  the  various  scenarios  and  MOPP 
conditions.  As  seen  in  Table  35,  the  aftemocsn  worklcad  means  were  lower  than 
the  rooming  means  in  every  instance.  Although  they  were  not  auLl  significantly 
different  frem  each  other,  a  clear  pattern  of  workload  reduction  emerged 
during  the  aftenxxcn  sessions.  It  is  possible  that  the  engagement  task  v/as 
perceived  as  being  easier  after  experiaioe  in  the  test  situation. 
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All  peurticipants  in  both  sub-ejqperiments  finished  the  sequence  of  M0PP4 
engagement  trials  uneventfully.  No  individual  needed  to  remove  his  protective 
gear  during  the  sequence  nor  did  anyone  request  to  be  removed  fron  the 
esq^eriment.  Althou^  two  soldiers  expressed  apprehension  about  experi.eix:ing 
claustrophobia  vMle  in  MDPP  gear,  their  concerns  were  not  realized.  Perhaps 
because  Operations  Desert  Slhield  and  Desert  Storm  occurred  concurrently  with 
this  research,  we  benef itted  by  having  strongly  motivated  individuals  as 
participants.  These  soldiers  eiqjressed  the  opinion  that  they  would  be  sent  to 
the  Middle  East  as  soon  as  they  graduated  frcri  ATT  and,  in  fact,  at  least  seme 
of  them  were  sent. 


Conclusions 

Engagement  performance  of  novice  Stinger  teams  was  degraded  by  wearing 
the  MDPP4  chemical  protective  ensemble. 

Engagement  performance  was  improved  by  the  addition  of  precise  visual 
cues  such  as  are  ejqsected  to  be  available  in  the  form  of  the  Enhanced  Hand- 
Held  Terminal  Unit  oenponent  of  tte  EAAD  C2I  network.  Use  of  these  cues 
substantially  reduced  the  degradation  due  to  wsaring  MDPP4. 

Detection  performance  of  Stinger  team  chiefs,  both  in  MDPFO  and  MDPP4, 
was  correlated  with  several  measures  of  visual  sensitivity. 

Parted  stress  levels  were  hi^er  vhen  Stinger  teams  wore  MDPP4  than 

lOPPO. 


Reported  workload  levels  were  higher  in  1CPP4  than  in  MDPPO. 
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appendix  A 

mriJ  Cue  Display  Screens 


[NOTE:  All  displays  have  been  reduced  29%  fron  the  actual  size  iised  in  the 
eo^seririent  in  order  to  meet  USARI  publication  format.] 
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J^ipeodiz  B 

piP»T»fr>rmance  Prcblems  in  M3PP4;  ODservations.  Opinions  of  Soldiers,  and  "Wbrk- 
Arcfund”  Solutions 

M4n  MasV  And  Hood 

Prcblems  iisina  M19  binoaiT ars  with  imsic.  All  team  chiefs  interviesred 
(more  than  half  were  intetvieh?ed)  rei»rteti  problems  using  binoculars  with  the 
mask.  Ihey  r^rted  tunnel  visicn;  double  vision;  visual  disorientation; 
difficulty  trac3dng  moving  aircraft  with  tiie  saall  field  of  view  available; 
cannot  get  the  binoculars  close  enou^  to  their  eyes;  ey^ieces  of  binoculars 
clipped  on  surface  of  mask  eyepieces.  One  of  the  authors  experienced  all  of 
these  problems  vhen  \asing  the  binoculars  with  the  mask.  The  ••work-around” 
solutions  enployed  by  team  chiefs  were  to  (1)  dose  one  eye;  (2)  dose  one  eye 
and  only  look  throcx^  one  cptic  of  the  binoculars  by  turning  them  sideways;  or 
(3)  not  use  binoculars  at  cLLl. 

Problems  using  the  Rt-iTrrer  sicht  wth  mgsk.  All  gunners  intervies^ 
(more  than  half  were  iiTterviewed}  reported  prcblems  using  the  Stinger  si^t 
\^th  the  mask.  They  reported  difficulty  tracking  moving  aircraft  with  the 
tiny  field  of  view  available;  cannot  get  the  si^it  dose  enough  to  their  eyes; 
cannot  see  any  (or  cannot  see  all  three,  or  cannot  see  ri<^it-most) 
siperelevate  and  lead  retides  in  the  Stingar  si^t.  One  of  the  authors 
experienced  all  of  these  problems  vhen  using  the  Stinger  si^it  with  the  mask. 
The  ••work-around^^  solutions  enplcyed  by  ^inneis  were  to  (1)  manually  estimate 
the  appropriate  sipe^evate  and  lead  angles  before  firing;  or  (2)  slip  the 
mask  slightly  (breaking  seall)  in  order  to  see  the  superelevate  and  lead 
reticles. 

Miscellanecus  problem.  Ccraamicaticn  prcblems  were  observed  for  and 
reported  by  the  Stinger  teams — who  stand  literally  ri^t  next  to  each  other 
during  an  engagement  and  ccnramicate  directly  without  add  of  field  telqphone 
or  radio.  The  ccnnunicaticn  problems  were  not  in  reception  with  the  mask  and 
an  (hearing)  but  in  transmission  with  the  mask  and  hood  on.  The  mask 
distorted  the  sound  of  the  voice.  Soldiers  experienced  no  difficulty 
vhatsoever  hearing  and  understanding  USARI  test  personnel  who  were  not 
speaking  throu^  a  mask.  Ckie  of  the  authors  experienced  this  saiwa  problem 
vhen  wearing  the  mask  and  hood.  The  ••vrak-around”  soluticai  enplcyed  ty 
soldiers  was  hand  signals. 

Gloves 

Pn^lero  inserting  IFF  cable  into  cndrstock  of  Stinoer.  Cbserved  for  all 
gunners  initially.  Problem  solved  with  experience  over  trials. 

Problem  tumincr  paper  pages  with  alowad  harris,  Cbserved  for  all 
soldiers.  All  soldiers  eventually  leeimed  the  "work-around"  solution  of  usirq 
the  eraser  of  a  pencil  to  turn  pages. 

Overgarment 

Gunners*  pants  frequently  came  imsnajced  froa  jacket  and  slipped  down. 

No  solution  found. 
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